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OfC  0  p  p  E  R  and  the  Manufactures  dependant  on  Copper. 

Under  thb  head  I  shall  treat  briefly 

Of  the  ores  of  copper. 

Of  the  assay,  and  analysis  of  copper  ores. 

Of  the  reducdon  or  smelting  of  copper  oresw 

Of  the  refining  of  black  copper. 

Of  the  properties  of  copper. 

Of  the  preparations  of  copper,  viz. 

Sulphat  of  copper,  or  blue  vitriol. 

Verdigris. 

Distilled  verdigris. 
Chrystalli  veneris. 
Radical  vinegar. 

Scheele's  green,  arseniat  of  copper. 

Brunswick  green,  tartrat  of  copper. 

VenUter,  carbonat  of  copper. 

Hatchet's  brown  prussiat  of  copper. 

Of  the  alloys  of  cqpper,  viz. 

Brass.  Orichalchum. 

5  Prince  Rupert's  metal,  pinchbeck,  similon,  \ 
\  Or  de  Manheim,  Tambac.  Mesure's  metal.  3^ 

Bronze. 

A 


Copper. 

Bell  metal. 

White  copper.    Tutenag. 
The  Gong.    Pctong. 
Ancient  weapons  and  c(^9. 
Of  plating  copper  with  silver. 

nlatina. 
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Of  the  ores  of  Copper.  Copper  is  found  native :  it  is 
also  found  mineralized,  by  oxygen,  by  sulphur,  by  arse- 
nic, by  both  sulphur  and  arsenic,  by  the  carbonic  acid,  by 
the  sulphuric  acid,  by  the  muriatic  acid,  by  the  phosphoric 
acid,  by  the  arsenic  acid.  It  is  found  in  the  state  of  an  ore, 
frequently  containing  iron,  some  times  silver,  some  times 
sine,  some  times  antimony,  some  times  lead ;  one  or 
more  of  these. 

Copper  is  found  native,  on  the  immediate  vicinity  of 
some  part  of  Lake  Superior,  of  which  I  have  seen  speci- 
mens, but  cannot  point  out  the  place.  •  I  have  also  spe- 
cimens of  native  copper  from  amine  in  Maryland. 

The  common  sulphuret  of  copper,  is  found  in  Con- 
necticut, in  Maryland,  in  New  Jersey,  in  some  parts  of 
Pennsylvania,  in  Virginia ;  but  I  know  of  no  place  where 
it  is  worked  to  pr(.»fit. 

The  oxyds,  are  red  oxyd^  containing  88,5  copper, 
11,5  oxygen.  Azure  or  mountain  blue  70  copper,  20 
carbonic  acid,  10  oxygen.  Malachite^  mountain  green, 
58  copper,  18  oxygen,  12,5  carbonic  acid,  11,5  water. 
Stdphuretted  copper  ores :  these  vary  greatly  in  the  quan- 
lity  of  copper  they  contain. .  Arsemated  copper  ore,  such 
as  the  green  micaceous,  the  olive-green  foliated,  the 
brownish-green  fibrous — ^these  contain  from  49  to  60  of 
copper,  combined  with  arsenic  acid.  Phosphat  of  cop- 
per,  greyish-black  on  the  outside,  green  internally  con- 
taining  6?^,13  of  copper  in  the  state  of  oxyd,  and  30,95 
of  arsenic.    Myriat  of  copper  hitherto  found  only  in  Peru 
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and  Chili.  Grey  copper  ore,  usually  containing  antimo- 
ny, lead,  iron  and  alver :  poor  in  copper.  Brawn  earthy 
cohured  copper  ores  containing  much  iron. 

The  sulphurets  andarsenicated  ores»  are  those  which  are 
usually  smelted  for  the  piuposes  of  manufacture,  almost 
all  of  which  contain  iron  also  in  various  proportions.  The 
copper  ore  at  Mr.  Coleman's  Cornwall  Furnace,  contains 
so  much  iron,  as  to  be  of  litde  value,  either  as  copper  or 
iron  ore. 

Of  the  assay  J  and  analysis  of  copper  ores.  By  an  assay 
of  an  ore,  is  meant  the  process  used  to  ascertain  the  quan* 
tit}'  of  metal  contained  in  it :  by  the  analysis  of  an  ore,  is 
meant  thefMrocess  used  to  ascertain  all  its  component  parts. 

The  assay  of  copper  ores,  (though  by  no  means  so  ac- 
civate  a  method  of  ascertaining  their  metallic  contents  a^ 
a  regular  analysis)  being  the  method  by  which  the  market 
price  of  the  ore  is  always  determined,  requires  the  first 
notice.  The  best  method^  upon  the  whole,  of  conduct- 
ing it,  is  as  follows. 

First,  expose  a  small  piece  of  the  ore,  under  examina* 
tion  to  the  action  of  the  Wow-pipe,  and  by  the  appear- 
ance and  odour  of  the  vapour  given  out,  it  is  easy  to  dis« 
cover  whether  it  contains  any  arsenic  or  sulphur.  It  may 
very  probably  contain  both,  in  which  case  take  300  grains 
of  the'ore  coarsely  pulverized,  mix  it  with  half  its  weight 
of  saw-dust,  and  keep  it  at  a  moderate  red  heat  in  an 
earthen  crucible,  till  the  disengagement  of  arsenical  va- 
pour entirely  ceases.  Then  pour  the  contents  of  the  cru- 
cible into  an  iron  mortar^  and  reduce  them  carefully  to  a 
fine  powder.  Transfer  this  powder  to  a  test,  a  tile  or  piece 
of  earthen  ware  that  will  stand  the  fire  and  expose  it  to  a 
good  red  heat,  with  occasional  stirring,  till  both  the  char- 
coal and  the  sulphur  are  burnt  off.  The  residue  is  then 
to  be  accurately  mixed  with  one  twelfth  of  its  weight  of 
lamp-black,  half  its  weigi;t  of  clear  white  sand,  one  fourth 
of  its  weight  of  dry  pesai  asb,  and  itswei^oi  }mh)enzed 
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glass  of  borax,  with  a  drop  or  two  of  oil ;  the  masstlius 
formed,  is  to  be  put  into  a  sound  earthen  crucible,  a  co- 
ver is  to  be  luted  on,  and  the  whole  is  to  be  placed  in  a 
good  wind  furnace.  The  heat  should  be  moderate  for  the 
first  quarter  of  an  hour,  to  allow  the  borax  time  to  com- 
bine with  the  eartliy  impurities  of  the  ore  ;  then  a  mode- 
rate white  heat  is  to  be  applied  for  about  twenty  minutes. 
After  this,  the  crucible  being  \vithdraHn  and  cooled,  is 
to  be  carefijlly  broken,  and  will  be  found  to  contain  a 
button  of  copper,  covered  by  vitreous  scorire.  The  puri- 
ty of  the  copper  tlms  procured,  is  to  be  estimated  from  its 
colour,  softness,  malleability,  and  tenacity  ;  after  which,  a 
part  of  it  may  be  cupelled  with  pure  lead,  in  order  to  as- 
certain whether  it  holds  any  silver  or  gold.  If  the  ore  con- 
tains sulphur,  but  no  arsenic,  it  may  be  mixed  with  1 
its  weight  of  charcoal,  and  roasted  on  a  test,  without  t 
ing  prei'iously  Iieatcd  in  the  crucible.  If  tlit  ore  contains 
neitlier  sidphur  nor  arsenic,  it  should  be  first  raodenitcly 
ignited  in  a  covered  cmcible,  to  drive  off  any  mois-iurc^ 
and  may  then  be  treated  with  sand,  alkali,  borax  a 
lampblack,  as  already  described. 

The  proper  analysis,  by  means  of  liquid  menstrua,  ig 
however  much  more  accurate  than  even  the  most  careful- 
ly conducted  assay,  and  the  general  mode  of  proceeding 
with  the  ores  of  copper  is,  upon  the  whole,  very  simple. 
The  copper,  togeUier  with  die  other  metals  w\\\\  »  hich  it 
may  happen  to  be  mixed,  is  to  be  separated  from  the  silex 
and  sulphur,  by  means  of  an  acid,  the  other  metals  are 
then  to  be  got  rid  of  by  their  appropriate  reagents,  and  the 
copiJer  is  then  to  be  procured  cither  in  the  state  of  green 
carbonat,  of  black  oxyd,  or  of  pure  metal ;  of  tlie  first, 
180  parts  are  equivalent  to  100  of  metallic  copper  j  and 
of  the  second,  100  parts  contain  ftO  of  metal. 

Previously  to  undertaking  an  analytas,  a  pan  of  the 
specimen,  under  examination,  should  be  subjicted  to  the 
asaiH  tt&genxst  in  order  to  ascertMn,  not  indeed  the  pro- 
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portion,  but  the  nature  of  the  ingredients  oF  which  it  con- 
sists ;  and,  in  few  cases  is  this  more  necessary  than  in  the 
analysis  of  the  ores  of  copper,  both  as  they  are  so  nume- 
jrous  and  so  various  in  their  composition.  This  previous 
examination  being  duly  performed,  the  analysis  may  be 
conducted  in  the  following  manner  : 

For  the  analysis  of  the  pyritical,  and  other  sulphurized 
ores  of  copper  J  provided  they  contain  neither  silver  nor 
lead,  take  200  grains  df  the  pulverized  ore,  and  digest  it 
at  a  boiling  heat  with  muriatic  acid,  (adding  occasionally 
a  few  drops  of  nitric  acid)  till  every  thing  soluble  in  this 
menstruum  is  taken  up.    Of  the  insoluble  portion,  a  part, 
condsting  chiefly  of  sulphur,  will  be  found  floating  on  the 
liquor ;  and  this  being  washed,  dried,  and  weighed,  is  to 
be  ignited  on  a  test,  by  which  the  sulphur  will  be  burnt 
off,  and  its  amount  may  be  estimated  from  the  loss  of 
weight  sustained  by  the  process.     The  incombustible 
re^ue  is  to  be  digested  in  a  little  warm  muriatic  acid, 
and  what  remains  insduble,  is  to  be  added  to  the  otlier 
insoluble  residue.     The  muriatic  solutions  being  mixed 
together,  tlie  whole  is  to  be  decomposed  by  carbonated 
potash,  and  the  precipitate,  hence  resulting,  is  to  be  di- 
gested  in  repeated  portions  of  caustic  ammonia,  as  long 
as  this  latter  acquires  any  blue  tinge.     The  whole  of  tlie 
copper,  and  nothing  else,  will  thus  be  taken  up  by  the 
ammonia,  ftx)m  which  it  may  be  obtained  in  the  state  of 
black  oxyd,  by  the  addition  of  a  little  caustic  potash,  and 
a  boiling  heat.     The  residue,  insoluble  in  ammonia,  con* 
sbts  of  oxyd  of  iron,  with  perhaps  a  little  alumine,  which 
may  be  separated  by  caustic  potash,  the  alumine  alone 
being  soluble  in  this  fluid.     Finally,  the  portion  insoluble 
in  muriatic  acid,  may  be  considered  as  little  else  than  si- 
lex. 

The  ores  which,  besides  copper,  sulphur,  and  iron,  con- 
tain sihcTj  lead,  and  antimony,  may  be  thus  analyze 
The  QK^  reduced  to  £^epowderJ  is  to  be  Tcpeatedly  di^ 
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gested  with  moderately  diluted  nitric  acid,  as  long  as  any 
thing  continues  to  be  taken  up  by  this  menstruum.  To 
the  nitric  solution  is  then  to  be  added  muriat  of  soda^ 
which  will  throw  down  the  silver  in  the  state  of  luna  cot- 
nea ;  this  being  separated,  the  lead  is  to  be  precipitated  m 
the  form  of  sulphat,  by  sulpliat  of  soda ;  the  solution  is 
now  to  be  supersatimited  with  ammonia,  which  will  dis- 
solve the  copper,  and  leave  behind  the  oxyd  of  iron,  with 
probably  a  little  alumine  and  silent.  The  copper  is  to  be 
procured  from  the  ammoniacal  solution,  in  the  manner 
directed  in  the  preceding  pan^aph ;  and  the  oxyd  of 
iron  may  be  separated  from  the  admixed  earths,  by  caustic 
potash.  That  portion  of  (»re,  insoluble  in  nitric  acid,  is 
to  be  digested  in  muriatic  acid,  which  will  take  up  every 
thing  except  the  sulphur,  silex,  and  probably  a  litde  luna 
cornea.  Of  this  insoluble  residue,  the  sulphur  is  to  be 
burnt  off  by  gentle  ignition,  and  the  remainder  is  to  be 
fused  with  twice  its  weight  of  pearl  ash,  by  which  the  sil- 
ver in  the  luna  cornea  will  be  reduced  to  the  metallic  state. 
The  muriatic  solution  being  concentrated  by  evaporation, 
and  then  poured  into  a  considerable  quantity  of  water, 
will  deposit  the  antimony  in  the  form  of  a  white  oxyd. 

The  simple  oxyds  of  copper  ^  are  best  analyzed  by  di- 
gestion in  nitric  acid,  and  then  supersaturating  the  solu- 
tion with  ammonia,  by  which  any  casual  admixture  of 
iron  will  be  separated. 

The  carbonats  of  copper  are  to  be  thus  treated.  One 
portion  is  to  be  gently  calcined  in  a  covered  crucible, 
and  the  loss  of  weight  sustained,  indicates  the  united  a- 
mount  of  the  water  and  carbonic  acid.  A  second  portion 
is  to  be  thrown  into  a  known  quantity  of  dilute  sulphuric 
acid,  and  the  loss  of  weight,  by  the  efiervescence  which 
ensues,  shows  the  amount  of  carbonic  acid.  The  sulphat 
of  copper  thus  obtained,  may  be  subsequently  decom- 
posed, either  by  a  stick  of  zinc,  or  by  liquid  ammonia. 

The  arseniats'  of  copper  are  most  conveniently  ana- 
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lyzed  by  first  moderately  heating  them,  in  order  to  drive 
off  and  thus  .estimate  the  water,  and  then  digesting  the  re- 
sidue in  dilute  nitric  acid,  by  which  it  will  be  entirely  dis- 
solved ;  nitrat  of  lead  is  then  to  be  dropped  in  as  long  as 
it  occasions  any  precipitate,  and  this  latter  being  remov- 
ed, the  fluid  is  to  be  evaporated  nearly  to  dr}-ness,  after 
which,  warm  alcohol  is  to  be  added,  which  will  take  up 
the  whole,  except  a  wWte  powder ;  this  powder,  and  the 
precipitate  on  the  addition  of  nitrated  lead,  are  arseniat  of 
lead,  33,6^*  per  cent,  of  which  is  arsenic  acid.  The  alco- 
holic  solution  is  then  to  be  evaporated  nearly  to  dryness, 
and  then  to  be  digested  with  ammonia,  which  will  take 
up  the  copper,  leaving  behind  any  oxyd  of  iron  that  may 
have  happened  to  be  contained  in  the  ore.  The  ammo- 
inuret  of  copper,  being  deconiposed  by  caustic  potash, 
gives  the  copper  in  the  state  of  black  oxyd,  which  is  that 
in  which  it  e>:ists  in  the  ore. 

The  analysis  of  muriat  of  copper  is  very  simple.  It 
was  thus  effected  by  Klaproth.  The  ore,  being  pulver- 
ized,  was  dissolved  in  cold  nitric  acid,  with  the  exception 
of  1,5  per  cent,  of  oxyd  of  iron ;  the  solution  being  then 
diluted,  nitrat  of  silver  was  added,  till  it  occ^i^d  no 
further  precipitate ;  the  luna  cornea  thus  obtained  indicat- 
ed, according  to  the  known  proportions  of  this  salt,  the 
amount  of  muriatic  acid  in  the  ore.  The  nitrous  solution 
was  then  decomposed,  and  the  copper  obtained  in  the  me- 
tallic form,  by  means  of  a  bar  of  iron. 

Phosphat  oj  copper  was  thus  analyzed  by  Klaproth. 
On  digestion  in  nitric  acid,  the  whole  was  taken  up  ex- 
cept a  few  grains  of  quartz  ;  the  excess  of  acid  in  the  so- 
lution was  then  saturated  by  potash,  and  acetite  of  lead 
ivas  poured  in  till  it  had  quite  ceased  to  occasion  any  pre- 
cipitate; the  phosphat  of  lead,  thus  obtained,  was  sepa- 
rated  from  the  solution,  and  sulphat  of  soda  was  added  to 
decompose  and  precipitate  the  small  excess  of  acelile  ol 
lead  which  had  been  made  use  of.  A  little  siAphwrvc  okaA 
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was  then  added  to  the  solution,  and  the  copper  was  pre- 
cipitated  in  the  usual  way,  by  means  of  a  bar  of  iron. 

Analysis  of  Copper  Ores. 

The  number  of  the  analysis  made  of  the  different  spe- 
cies of  copper  ores  is  so  immense,  that  a  selection  only  of 
the  most  approved  can  here  be  given ;  and  a  few  general 
rules  may  be  premised,  which  will  simplify  the  subject* 

The  analysis  of  ores  is  usually  conducted  in  one  of  t^vo 
distinct  ways,  the  dry  and  the  moist ^  each  of  which  has  its 
peculiar  advantages  and  defects. 

In  the  dry  way,  the  ores  when  they  contain  sulphur  or 
arsenic  (which  is  the  case  with  the  greater  number)  are 
first  roasted  in  order  to  dissipate  the  greater  part  of  these 
mineralizing  substances.  For  this  purpose,  in  analysis 
in  the  small  way,  they  are  mixed  with  about  their  bulk  of 
charcoal  powder  (or  better  with  fine  saw-dust)  and  expos* 
ed  to  a  low  red  heat  on  aflat  tile  or  muffle,  or  any  other 
convenient  apparatus  on  which  they  can  be  thinly  spread. 
The  sulphur  or  arsenic  soon  b^^s  to  rise  in  fumes  which 
should  be  hastened  by  fi^uent  stirring,  keeping  the  heat 
just  b|bw  tlie  point  at  which  the  ore  would  run  and  clot 
togetnCT,^  prevent  which  is  one  considerable  use  of  the 
charcoal  or  saw-dust. 

When  no  more  fumes  sensibly  arise,  and  the  charcoal 
is  entirely  burnt  off,  the  part  of  the  ore  that  remains  now 
consists  of  the  metallic  p(Htion  in  the  state  of  an  oxyd, 
still  mixed  however  with  a  quantity  of  sulphur  or  arsenic, 
which  mere  roasting  will  not  separate,  and  of  all  the  earthy 
matrix  that  may  have  been  ori^nally  contained. 

The  ore  is  tlien  fitted  for  the  second  process,  which  is 
that  of  reduction  of  tlie  metallic  oxyds  to  the  reguline  state. 
All  that  is  essentially  necessary  to  reduction  is,  to  expose 
the  oxyd  to  a  high  heat  in  contact  with  charcoal  or  car- 
lK)naceous  matter  of  any  kind,  and  secluded  from  tlie  con- 
tact  of  air.    In  reducing  the  metals  volatile  in  heat,  such 


IS  zinc  or  antimony,  this  reduction  requires  somewhat  of 
a  diflb^ent  apparatus  from  the  fixed  metals,  to  which  chief- 
ly the  present  observations  aj^ly.     It  has  been  a  constant 
custom  witli  chemists  in  almost  all  cases  (till  of  late  years) 
10  add  to  the  ore  in  reduction,  not  only  a  due  quantity  df 
carbonaceous  matter,  but  also  to  mix  it  with  a  large  pro- 
portion (seldom  less  than  thrice  its  weight)  of  some  alka- 
line or  easily  vitrifiable  matter  to  serve  as  ^Jlux  to  pro- 
mote the  fusion  of  all  the  heterogeneous  contents  of  the 
(xe,  and  to  afford  a  thin  flowing  medium,  through  which 
the  globules  of  reduced  metal  can  readily  fall  by  their  su- 
perior gravity,  and  at  last  be  collected  in  a  single  mass  or 
button  at  the  bottom  of  the  crucible. 

In  all  the  common  processes  of  reduction,  therefore^ 
which  are  usually  given,  the  additions  to  the  ore  are  of 
two  kinds,  the  purpose  of  wliich  should  be  well  distin- 
guished, namely,  the  carbonaceous  matter,  which  is  es- 
sential to  the  disoxygenation  of  the  metallic  oxyd,  and  the 
saline  or  fusible  flux,  the  use  of  which  is  often  higlily  con- 
venient and  even  necessary,  but  also  often  needless  or 
even  detrimental.  The  invariable  fault  of  saline  fluxes 
as  generally  applied,  is,  thattliey  always  dissolve  a  portion 
of  the  metallic  oxyd  before  it  has  time  to  pass  to  the  me- 
tallic state,  and  retain  it  permanently,  tlius  robbing  the 
metallic  button  of  a  part  of  what  otherwise  would  unite 
with  it :  and  hence  it  almost  invariably  happens  that  com- 
mon assays  made  in  tlie  dry  way  with  saline  fluxes  re- 
turn a  less  proportion  of  metal  than  the  ore  really  con- 
tains. Nor  is  this  loss  trifling  in  many  instances,  since 
the  accurate  Klaproth  found  a  difierence  of  9  per  cent, 
between  the  yield  of  copper  from  a  certain  ore  assayed  in 
the  dry  way,  and  the  same  ore  treated  in  a  difiercnt  man- 
ner, in  the  moist  way.  As  a  proof  of  the  solution  ol  a 
part  of  the  metallic  oxyd  in  the  saline  flux,  it  may  be  ad- 
ded that  die  scoria,  or  flux  after  melting,  is  always  found 
deeply  coloured  with  that  precise  tint  wVucYv  >no\i\^  \^ 
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given,  as  in  tlie  common  preparation  of  coloured  glaisse^ 
by  the  designed  admixture  of  the  oxyd  of  the  metal  used« 
Thus  the  scorix^'  of  reduced  cobalt  ore  are  of  a  deep 
Wue ;  of  fine  copper, ,  green  or  brown  according  to  cir- 
cumstances ;  of  iron  grass-gfeen,  and  the  like.  The  loss 
of  metal  is  still  greater  when  the  ore  retains  a  portion  of 
Bulphur,  which  last  uniting  with  the  alkali,  acts  with  still 
more  power  on  the  metallic  oxyds. 

As  naked  alkalme  fluxes  are  peculiarly  liable  to  this  in^* 
'convenioice,  some  eminent  docimastic  chemists  employ 
'with  considerable  success  fluxes  erf  equal  power,  but  with 
less  disposition  to  dissolve  the  metallic  oxyds*  Of  this^ 
kind  are  very  fusible  glasses  made  of  much  alkali  and  si- 
k^c  without  litharge  or  other  metallk^  admixture,  fluor 
spar,  lime,  and  above  all,  borax.  This  last  produces  a 
thinner  fusion  of  vitrifybg  mixtures  than  an  equal  quan* 
tity  of  any  other  substance  whatever,  and  hence  a  smaller 
dose  of  thb  than  di  the  naked  alkalies,  will  answer  all  the 
purposes  of  a  flux,  and  of  course  the  loss  by  soluticwi  of 
the  metallic  oxyd  is  much  less. 

A  reduction  of  the  sulphuretted  ores  is  sometimes  con- 
veniently effected  by  a  sin^  operation  which  gives  a  but- 
ton  of  metal  of  considerable  purity.  The  roasting,  which 
is  always  a  tedious  operation,  is  saved  by  mixing  the  ore 
>vith  two  or  three  times  its  weight  of  nitre,  and  projecting 
it  into  a  hot  crucible.  The  mixture  dephlagrates  on  reach- 
ing the  crucible,  the  sulphur  is  burnt  and  converted  to 
sulphuric  acid  which  unites  with  the  potash  of  the  de- 
composed nitre,  and  the  metal,  now  freed  from  the  sul- 
]^ur,  becomes  fully  oxygenated  by  the  nitric  acid 
and  ready  for  reduction.  This  is  effected  by  throw- 
ing in  a  reducing  flux  of  tartar  and  pitch  or  atiy  sim« 
ilar  matter^  and  applying  a  strong  heat  for  the  requbite 
time. 

It  appears,  however,  that  though  nitre  is  often  a  good 
ila4  expeditious  method  of  freeing  ores  fi'om  their  sul- 
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phur,  it  b  better  not  to  perform  the  whole  reduction  in  tx 
aing^  operation,  but  first  to  separate  the  metallic  oxycl 
after  dephlagration  (which  may  be  done  by  washing)  and 
then  to  reduce  it  by  a  proper  flux. 

The  reduction  of  the  pure  oxyds  or  carbonfted  oxyds 
of  copper,  whether  natural  or  artificial,  is  efiected  without 
loss,  2anA  is  by  far  the  best  metliod,  simply  by  heating  in- 
tensely in  contact  with  charcoal  in  a  covered  crucible. — 
This  b  in  fact  a  very  close  imitation  of  the  method  of  re* 
duction  in  the  lai^  way  of  die  roasted  copper  ores,  only 
as  these  latter  still  contain  sulphur,  arsenic,  iron,  and  other 
foreign  matters,  the  process  requires  to  be  repeated  many 
times  before  the  copper  is  in  a  pure  malleable  state,  \s\ 
each  of  which,  the  ijnpurities  separate  in  the  form  of  a 
thick  pasty  scum,  as  already  described,  under  the  articlg 
of  reduction  in  the  large  way. 

In  small  experiments,  where  saline  fluxes  are  used, 
these  impurities  dissolve  in  the  flux  (which  b  one  of  tbp 
great  iises.  of  these  substances)  and  one  or  at  most  two 
operations,  wUl  suffice. 

When  copper  is  pure  (that  is,  of  ^  saleable  purity,  for 
it  is  very  rarely  found  absolutely  piu?e).  it  is  soft,  mallq- 
able,  and  of  a  beautiful  brilliant  yellow-red  where  recendy 
cut  or  filed^  On  thie  contrary,,  when  containing  sulphur, 
arsenic,  or  iron,  it  b  black,  dense,  sonorous,  britde,  and 
more  of  a  vitreous  Uian  a  truly  metallic  appearance.  Jii 
thb  state  it  is  called  copper-matt  ot  black  copper  by  me- 
tallurgbts.  Subsequent  melting  in  contact  with  air,  or 
with  fluxes,  removes  these  Impurities,  and  if  the  operation 
be  judiciously  performed,  t|:ie  loss  sustained  by  the  matt, 
in  being  converted  into  pure  copper  b  principally  that  gf 
the  impurities ;  for  it  is  a  valuable  property  of  diis  metal 
to  be  much  less  easily  oy^  idated,  scorified,  and  dissolved 
by  sulphurets,  than  any  of  the  metab  with  which  it  is 
usually  found  mixed,  and  particularly  than  iron.. 

After  all,  however,  the  analysis  of  coppej  ore*  m  tbfc  ^ 
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way  can  only  give  an  approximation  to  accuracy  in  tlic 
result,  except  in  the  treatment  of  the  pure  native  oxyds 
or  carbonatSy  which  are  indeed  among  the  most  valuable 
ores,  but  are  those  which  the  seldomest  come  imder  the 
notice  of  the  practical  metallurgist. 

The  analysis  of  copper  ores  in  the  moist  way  is  per- 
formed in  a  tolerably  uniform  manner,  the  act  being  first 
treated  with  an  acid  which  dissolves  all  the  metallic  part, 
leaving  the  sulphur  and  silex ;  after  which  the  diffin^nt 
metals  are  separately  precipitated  fix)m  the  solution,  either 
in  the  metallic  state,  or  in  certain  known  forms  of  combi- 
nation, from  wluch  the  metallic  portion  can  be  accurately 

infeired. 

The  particular  steps  of  many  of  these  analysis  will  be 
presentiy  given ;  the  general  mode  of  separating  copper 
from  the  metals  with  which  it  is  alloyed  is  as  follows : 
from  silver  J  by  adding  to  the  nitrous  solution  of  the  mixed 
Inetals  muriat  of  soda,  wliich  separates  the  silver,  as  luna 
cornea,  and  leaves  the  copper :  Jrom  lead^  by  adding  to 
the  solution  sulphat  of  soda,  which  precipitates  an  insolu- 
ble sulphat  of  lead,  and  leaves  the  copper  :—Jrom  anti- 
mony ^  by  digesting  the  mixed  oxyds  of  copper  and  anti- 
mony with  nitric  acid,  which  dissolves  the  copper  and 
leaves  the  antimony  x-^from  irony  by  supersaturating  die 
mixed  solution  with  ammonia,  which  redissolves  the  cop- 
per and  leaves  the  oxyd  of  iron :  or  else  by  immersing  a 
piece  of  polished  iron  in  the  solution,  which  will  separate 
tlie  copper  and  leave  the  iron  in  solution,  (a  precau- 
tion to  be  observed  here,  however,  will  be  presently  men- 
tioned) i—^/rom  tifiy  by  immersing  a  piece  of  metallic  tin 
in  the  solution,  which  will  precipitate  the  copper  only : — 
from  arsenicy  by  dissolving  in  nitrous  acid  and  adding 
acetite  or  nitrat  of  lead  which  will  separate  the  arsenic  in 
the  form  of  an  insoluble  arseniat  of  lead,  and  leave  the 
copper.  If  an  excess  of  lead  remain,  add  sulphat  of  soda, 
m  above mentioDcd  ;—^om  JVtcAre/icvthefoUowiiigway  : 
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when  this  metal  is  found  it  is  generally  in  conjunction 
with  iron  ;  and  ammoi!iiay  which  precipitates  all  the  tliree 
metals  from  their  acid  solution,  redissolves,  when  in  ex- 
cess, both  the  nickel  and  copper ;  but  to  obtain  the  cop- 
per singly,  again  supersaturate  with  muriatic  acid,  and 
immtrse  a  piece  of  iron,  which  will  separate  the  copper, 
and  leave  tlie  nickel  dissolved. 

Copper  is  obtained  separate,  in  wet  analysis,  in  three 
states,  in  each  of  which  the  weight  may  be  taken,  eitha' 
in  the  metallic  state,  or  as  the  green  carbonat,  or  as  the 
bljck  oxyd.  If  a  piece  of  polished  iron  is  immersed  in 
an  acid  solution  of  copper  it  is  almost  instantly  covered 
with  a  brilliant  coating  of  metallic  copper,  owing  to  an 
excliange  having  taken  place,  a  portion  of  the  iion  being 
dissf>Ived,  and  separating  an  equivalent  quantity  of  cop- 
per  from  the  solution.  As  this  proceeds,  the  precipitate 
of  metallic  copper  increases,  and  incrusts  the  remain- 
ing iron,  forming  a  bundle  of  ragged  filaments  \\\\lq\\ 
the  slightest  force  will  detach  ii*  the  solution  is 
sufiicientlv  diluted.  At  last  the  solution  contains  only 
iron,  and  the  whole  of  the  copper  is  thus  obtained  in 
the  metallic  state,  which  only  requires  washing  and  dn - 
ing.  This  precipitation  is  much  assisted  by  boiling  for  a 
short  time,  especially  at  last,  without  which  indeed  tlxi 
last  portions  of  copper  will  liardly  separate.  The  solution 
when  purely  cupreous  is  of  a  fine  azure  blue,  but  when 
con\'erted  to  a  solution  of  iron  becomes  green.  It  should 
be  remembered,  however,  that  for  a  perfect  separation  of 
copper  firom  iron  by  tliis  method,  the  solution  should  be 
in  the  sulphuric  or  muriatic  acids  and  not  the  nitrous,  for 
though  iron  will  equally  displace  copper  from  the  nitrous 
as  from  the  other  acids,  the  nilrat  of  iron  is  itself  largely 
decomposed  by  mere  heat  or  exposure  to  air,  and  lets  fall 
a  fully  oxidated  iron,  which  in  this  case  mixes  witli  the 
fine  filaments  of  the  reduced  copper,  and  vitiates  the  re- 
sult of^  analysis*     When,  therefore,  it  V\a^  \)^!euTveQRV 
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sary  to  employ  this  acid  in  the  previous  part  of  tlie  ana« 
lysis,  the  metallic  contents  should  either  be  first  precipi- 
tated by  an  alkali  and  redissolved  in  muriatic  acid,  or  the 
nitric  solution  should  be  evaporated  to  dryness,  redissolv- 
ed in  muriatic  acid,  and  again  dried  and  moderately  heat- 
ed for  some  time,  whereby  the  nitrous  acid  is  expelled, 
and  a  metallic  muriat  remains  for  further  treatment. 

Instead  of  iron,  tin  or  especially  zinc  may  be  used  as 
the  precipitant  of  the  copper  firom  its  solution  :  these  act 
more  speedily  and  with  equal  certainty.  With  either  of 
these  two,  as  their  muriat  is  colourless,  the  total  absence 
of  the  copper  (provided  iron  or  nickel  is  not  at  the  same 
time  present)  is  seen  by  the  solution  becoming^  entirely 
void  of  colour. 

Mr.  Chenevix  has  also  remarked  *  a  singular  Circum- 
stance in  these  precipitations^  which  is,  that  it  the  acid^ 
(particularly  the  muriatic)  be  in  excess,  a  quantity  of 
hydrogen  is  disengaged,  as  occurs  in  the  common  solu- 
tions of  these  metals,  and  the  whole  oS  the  copper  is  se- 
parated in  a  very  short  time.  With  muriat  of  copper, 
zinc,  and  an  excess  of  muriatic  acid,  the  separation  is  sur- 
prisingly  rapid,  and  much  advantage  may  be  made  of  this 
f^ct  in  the  analysis  of  copper  ores. 

It  is  to  be  observed,  however,  that  zinc  will  precipitate 
iron  as  well  as  copper  firom  its  solutimis,  but  scarcely  any 
of  the  iron  will  separate  till  all  the  copper  is  precipitated, 
llius  if  zinc  is  added  to  a  mixed  solution  of  sulphat  or 
muriat  of  iron  and  copper,  the  first  precipitate  is  obvi- 
ously copper  and  little  else,  but  at  the  time  when  the  solu- 
tion begins  scarcely  to  turn  blue  with  ammopia,  a  black 
powdery  oxyd  of  iron  mixes  with  the  copper.  Even  if 
}\o  ironbe  contained  in  the  cupreous  solution,  if  there  is 
an  excess  of  acid,  and  common  zinc  (which  always  con- 
tains iron)  be  used,  some  of  it  will  still  appear  in  the  pre- 
eipitate ;  the  excess  of  acid  appearing  first  to  dissolve 
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bodi  the  ^inc  and  iron,  and  the  latter  being  again  separat- 
ed by  the  zinc  that  remains.  On  this  account,  perhaps^ 
iron  b  a  more  accurate  reagent  than  zinc  in  these  analy- 
sis. As  the  muriat  of  copper  seems  to  yield  its  metal 
with  more  ease  than  the  sulphate  it  might  perhaps  be  of 
use  previously  to  convert  the  sulphat  into  a  muriat  by  the 
addition  of  common  salt.  The  colour  immediately 
changes  to  green^  which  is  a  proof  of  this  cliange  of  the 
cupreous  salt. 

The  report  of  the  assay  will  probably  be  still  more  afio» 
curate,  if  the  precipitated  copper,  after  being  washed  and 
dried)  instead  of  being  immediately  weighed,  is  put  into  a 
small  crucible,  moistened  with  a  drop  or  two  of  oil,  co- 
vered with  borax,  and  strongly  heated  for  a  few  minutes 
whereby  it  becomes  a  solid  button  of  good  malleable  cop- 
per. 

The  second  state  is  that  of  the  green  carbonat.  If  car- 
bonated potash  or  soda  be  added  to  a  solution  of  copper, 
a  green  precipitate  is  formed,  which,  when  washed  and 
dried  at  the  heat  of  boiling  water,  gives  an  uniform  green 
powder.  Its  exact  nature  will  be  mentioned  when  de- 
scribing the  carbonat  of  copper,  but  it  may  be  here  added, 
that  180  parts  of  this  carbonat  are  equivalent  to  100  of 
metallic  copper,  and  may  be  reckoned  as  such  in  all  ana- 
lysis. But  as  the  pure  fixed  alkalies  give  a  precipitate 
which  may  occasionally  be  confounded  with  this  carbonat, 
this  method  of  estimation  is  not  quite  so  good  as  the  fol- 
lowing. 

The  third  state  in  which  copper  may  be  estimated  is 
that  of  black  oxyd.  If  the  gf een  carbonat  last  mention- 
ed (and  It  need  not  be  washed  with  particular  care  nor 
dried)  be  boiled  for  a  few  moments  in  caustic  potash,  it 
at  once  shrinks  considerably  antl  becomes  a  deep  brown- 
Ish  black  fine  powder,  which  is  a  pure  oxyd  of  copper  ii> 
its  highest  state  of  oxygenation.  One  hundred  parts  oC 
thb  oxyd^  well  irashed  and  dried  in  a  low  red  V\c^t  ?c«  v\ 


16  Coppei\ 

minute  cm*  two,  invariably  contain  eighty  parts  of  pure  me- 
tallic copper.  The  amnloniated  copper  gives  the  same 
oxyd  when  boiled  with  potash. 

It  is  also  produced  at  once  by  adding  potash  or  soda  to 
the  acid  solutions  of  copper,  and  boiling  for  a  minute  ot 
.  two  (which  last  is  an  essential  circumstance)  and  this  is  a 
better  method  of  proceeding  in  analysis,  since  an  excess 
of  carbonated  alkali  will  redissolve  a  part  of  the  green  car- 
bonat,  and  vitiate  the  analysis,  whereas  no  such  effect  is 
to  be  feared  from  an  excess  of  the  pure  fixed  alkalies  at  a 
boiling  heat. 

The  leading  steps  of  the  actual  analysis  of  some  of  the 
principal  copper  ores  by  the  most  accurate  chemists  may 
now  be  given  in  a  few  words,  as  a  specimen  of  the  mode 
of  proceeding  in  different  cases. 

Of  the  ores  composed  chiefly  of  Copper^  Irorij  and  Sulphur. 

The  vitreous  copper  ore  was  thus  analysed  by  Kla- 
proth.* 

To  200  grains  of  the  powdered  ore  muriatic  acid  was 
added  in  a  boiling  heat,  which  had  no  immediate  eflfect, 
but  on  dropping  in  a  little  nitrous  acid,  solution  began  with 
violent  disengagement  of  nitrous  gas.  When  every  tiling 
soluble  was  taken  up,  the  solution  consisted  of  a  clear 
green  liquor  on  which  the  sulphur  was  floating."  The  in- 
soluble part  amounted  to  38  1-2  grains,  37  of  which  were 
dissipated  by  calcination  and  were  sulphur,  leaving  11-2 
of  silex  behind.  The  solution  was  divided  into  two  parts, 
one  to  ascertain  tlie  copper,  the  other  the  iron. 

Into  the  former  a  bar  of  polished  iron  was  immersed, 
and  by  rest  78 1-i  grains  of  copper  were  precipitated. — 
The  other  half  was  supersaturated  with  ammonia,  wliich 
first  precipitated  both  the  iron  and  copper,  and  tlien  rc- 
dissolved  only  the  copper,  leaving  3  grains  of  oxyd  of 
iron,  equal  to  2  1-2  of  metallic  iron.  Hence  the  iron,  cop- 
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per,  silex,  and  sulphur  were  separately  estimated*  The 
copper  is  presumed  to  be  in  the  metallic  state  in  diis  ore 
on  account  of  the  violent  evolution  of  nitrous  gas.  It  is  to 
be  observed  that  by  a  previous  trial  the  ore  was  found  by 
Ae  tests  before  described  to  be  free  from  silver  and  lead^ 
Aat  is  by  giving  no  [M^cipitate  either  with  muriat  of  soda, 
or  sulphat  of  soda. 

The  variegated  copper  ofe  v^  assayed  by  the  same 
emineiit  chemist  in  nearly  the  same  manner^  On  account 
tS  its  colour  and  its  making  much  less  effervescence  with 
nitric  acid,  a  portion  of  oxygen  is  supposed  to  be  com* 
bined  wiA  it^ 

The  same  Was  assayed  in  the  dry  way  by  being  ihixed 
with  one-fourth  of  its  weight  of  charcoal  and  roastbd^  then 
mixed  with  a  fourth  of  colophony  or  roain^  and  thrice  its 
wei^t  of  black  flux ^  and  well  fused*  The  result  was  a 
button.of  copper,  but  10  per  cent  less  than  the  quantity 
of  metal  obtained  in  the  moist  way* 

The  yellow  hasmatidc  copper  ore  and  the  grey  vitreous 
ore  from  Cornwall)  were  analysed  by  Mn  Chenevix* 
neariy  in  the  same  manner  as  above  described,  only  the 
whole  sdution  was  supersaturated  with  ammonia,  and  thd 
cc^per  separated  from  the  ammoniated  solution  by  boil« 
ii^  with  potash,  in  the  form  of  the  Uack  oxyd,  of  which 
100  parts  were  estimated  as  equal  to  80  of  copper. 

Ore  of  Silver f  Copper^  Irony  Antimony  and  Sulphur i 
Klaj^oth^s  analysis  of  the  FaUerzt  deserves  a  short  ho* 
lice  on  account  of  the  skill  with  which  it  was  managed. 

The  ore  was  first  digests  d  repeatedly  with  nitric  acid^ 
which  dissolved  somewhat  less  than  half*  From  the  so- 
lution muriat  of  soda  separated  some  silver,  and  it  was 
then  tried  for  lead  by  sulphat  of  soda.  It  was  next  su-- 
persaturated  with  ammonia  whereby  a  precipitate  was  left, 
which  by  subsequent  treatment  was  found  to  consist  ol* 
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iron  with  a  little  alumine  and  silex.  The  ammoniated  5<S  i 
lution  which  now  only  contained  copper,  was  supersatu- 
rated widi  sulphuric  acid,  and  the  copper  separated  by 
iron. 

The  first  residue  untouched  by  the  nitric  acid  (amount- 
ing  to  more  than  half  the  ore)  was  then  digested  with  mu- 
riatic  acid,  which  dissolved  nearly  half,  leaving  a  residue 
which  by  subsequent  fusion  Avith  alkali  was  found  to  be 
sileii,  still  holding  a  minute  portion  of  silver.  The  mu- 
riatic solution  Was  evaporated,  during  which  it  deposited 
■a  few  small  crj'stals  of  muriat  of  silver,  after  which  water 
Was  added,  which  separated  an  abundant  vthite  oxydu 
which  was  found  by  various  trials  to  be  antimony.  -  V 

Oxyds  and  Carbonated  Ostyds  of  Copper. 
The  purest  native  oxyd  of  copper  is  the  red  octohedral 
ore  from  Cornwall.     This  appears  to  consist  of  notliing 
but  copper  and  oxygen,  but,  according  to  Mr.  Chenevix,f 
the  copper  here  exists  in  a  less  state  of  oxygcnatiwi  t 
in  any  other  known  ore  of  this  metal. 

One  hundred  parts  were  totally  dissolved  in  nitric  ad 
widi  copious  effervescence  of  nitrous  gas.    The  pure  blm 
solution  was  evaporated  to  dryness,  muriatic  acid  was  ad^. 
ded,  and  a  second  time  evaporated  to  expel  die  remaining 
nitric  acid,  and  convert  the  salt  to  a  muriat.     This  latter  , 
diluted  widi  water  gave  up  88.5  of  copper  to  a  plate  a 
iron  immersed.     Hence  it  is  found  to  consist  of  88.5  < 
copper  and  11.5  oxygen.     The  particulars  of  this  analys 
will  be  furtlitr  noticed  when  describing  the  oxyds  a 
muriat  of  copixr. 

The  pure  carbonated  oxyds  of  copper  consist  of  c 
bonicacid,  oxygen,  copper  and  water.     Witli  almost  ai 
acid  they  effervesce  strongly,  and  give  out  their  carb< 
acid. 

Fontana  was  die  iirst  who  clearly  shcv\^  the  { 
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€f  caibonic  acid  in  these  ores.  By  disUUing  tnalachite]^^ 
nr  in  a  glass  retort,  arid  collecting  the  products,  he  ob^ 
tained  some  pure  water,  and  a  large  quantity  of  gias„ 
i^iich  extinguished  a  candle,  precipitated  lime-water,  and 
by  various  tests  was  foimd  to  be  carbonic  acid* 

The  Siberian  malachite  analyzed  by  Klaproth.  will  fuf ^ 
msh  another  example  of  analyas.  A  hundred  grains  cal* 
cined  in  a  ihoderate  red  heat  in  a  covered  crucible  losi 
S9  1-2,  which  therefore  is  the  quantity  of  the  carbonic  acid 
and  water.  Another  100  grains  were  dissolved  in  dilute 
sulphuric  acid,  and  lost  by  eflferveseence  18  grains,  which,, 
subtracted  from  the  29  1-2^  leaves  11.5  for  Ae  waten^- 
The  sulphuric  solution  decomposed  by  metallic  zinc  gav^e 
58  grains  of  copper^  Another  portion  of  the  malachite 
was  dissolved  in  nitric  acidi  and  the  precipitate  by  ammo- 
nia was  entirely  redissolved  by  an  excess  of  thb  alkali^ 
shewing  therefcxe  tlje  total  absence  of  iron.  Lasdy,  the 
quanti^  of  oxygen  united  with  the  copper  is  inferred  to. 
be  tiiat  wluch  must  be  added  to  the  58  aiid  29  1-2  to 
make  up  the  100^  namely  12.5. 

The  native  carbonat  when  pure  has.  precisely  the  same 
compositicm  as  the  artificial,  as  Prou^  has  clearly  shewn, 
and  will  be  presently  mentioned. 

Arseniat  of  Copper. 

The  compodticHi  of  the  di&rent  species  of  this  family 
of  copper  ores  as  &r  as  it  is  hitherto  known  is  extremely 
nmple,  the  ore  when  separated  from  its  matrix  containing^ 
Dodung  but  arsenic  acid,  oxyd  of  copper,  water,  and  some 
times  a  portion  of  iron.    The  arsenic  acid  is  best  estimat- 
ed by  uniting  it  by  stronger  affinity  \rith  some  other  metal, 
where  it  makes  an  insoluble  salt  of  a  known  and  invariable 
compositicHU    Lead  is  the  best  fitted  for  this  purpose,  so 
diat  when  the  nitrat  or  acetite  of  lead  is  added  to  arseniat 
of  copper,  a  soluble  mtrat  or  acetite  of  copper  is  formed,^ 
togetiier  with  a  white  insoluble  precipitate  of  aisieivial  ol^ 
bd,    Bjr  picUminary  experiments  Klaprodi  fouivd  iSbaX 
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|00  grains  (^soUd  arsenical  acid  gave  297  grains  of  solid 
arseniat  of  lead  after  moderate  drying,  and  hence  100 
grains  of  the  arseniat  contain  33.66  of  arsenic  acid.* 

For  the  analysis,  the  ore  being  first  dissolved  in  nitric 
acid,  the  soluticHi  was  accurately  neutraUzed  with  carbon- 
ated  potaah,  and  dien  acetited  lead  was  added  till  all  prt- 
dpitation  ceased,  a  little  of  thb  salt  remaining  in  excess* 
The  precipitate  of  arseniated  lead  when  washed  and  dried 
indicated  the  pxyportion  of  arsenic  acid  in  the  ore«    The 
aoluticm  now  contained  acetic  and  nitric  acids,  united  with 
pxyd  of  copper  and  potash,  and  a  Uttk  acetited  lead ; 
from  which  the  lead  was  first  separated  by  sulphat  of  soda, 
diat  precipitated  it  in  the  form  of  an  insoluble  sulphat,  af- 
ter which  a  little  sulphuric  acid  was  added  to  engage  the 
copper,  and  this  metal  in  its  turn  was  separated  by  polish* 
ed  iron  m  the  usual  manner.  The  copper  however  is  thus 
obtained  in  the  metallic  state,  but  in  the  ore  it  is  an  oxyd» 
and  therefore  one-fourth  of  the  weight  of  the  copper  must 
be  added  for  oxygen,  that  is  (as  in  the  actual  analysis)  for 
40  parts  of  metallic  copper,  50  (tf  the  oxyd  of  qc^per 
inust  be  estimated.     It  is  necessary  to  neutralize  the  ni- 
trous solution  at  first,  as  the  arseniated  lead  is  very  solu* 
Ue  in  acids,  and  therefore  would  not  otherwise  be  pro^ 
perly  collected. 

Where  iron  is  suspected  in  the  ore,  the  solution  instead 
of  being  (nally  precipitated  by  polished  iron  may  be  de- 
composed by  ammonia,  and  the  copper  separated  firom 
the  iron  by  an  e:^cess  of  the  alkali. 

As  many  adds  form  a  white  preciphate  with  the  solu- 
tions  of  lead,  the  powder  in  question  is  proved  to  be  ar- 
aeniat  of  lead  by  digesting  with  sulphuric  acid,  which 
displaces  the  former  apid,  and  leaves  it  uncombined  in 
the  liquor ;  and  arsenic  acid  is  detected  by  various  me- 
^ods  mentioned  under  that  article,  particulady  by  giving 
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I  brick-red  precipitate  with  nitrat  of  silver,  the  arsenic  acid 
being  first  neutralized  widi  soda. 

Mr.  Chenevix  analyses  the  arseniats  of  copper  in  the 
same  general  way,  but  with  some  variations. 

The  ore  (previously  heated  moderately  to  expel  and  es- 
timate the  mere  water)  is  dissolved  in  dilute  nitric  acid 
and  nitrat  of  lead  poured  ki.  The  solution  (containing  an 
excess  of  acid  and  therefore  holding  some  of  the  arseniated 
lead  dissolved)  is  then  evaporated  nearly  to  dryness,  and 
alcohol  added  to  complete  the  separation  of  the  arseniat 
of  lead*  After  which  tlie  copper  is  decomposed  by  pot- 
ash, and  is  obtained  in  the  state  of  the  brown  oxyd. 

Muriat  of  Copper. 
The  composition  of  this  singular  ore,  found  hitherto  only 
in  Peru,  was  ascertained  nearly  at  the  same  time  by 
Proust,  and  by  Rochfoucault,  Beau  me,  Fourcroy  and 
fierthollet,  a  committee  nominated  for  the  purpose  by  the 
French  Academy.    The  experiments  are  instructive. 

The  ore  throvm  on  hot  coals  bums  with  a  beautiful 
blue  and  green  flame,  whereas  malachite,  which  it  most 
resembles  in  appearance,  gives  only  a  faint  green  flame. 
Distilled  per  se^  malachite  gives  no  odier  volatile  product 
than  cartxMiic  acid  and  water ;  whereas  the  muriat  gives 
in  the  same  process  a  quantity  of  oxygen  gas  with  only  a 
very  small  proportion  of  carbonic  acid,  and  a  green  liquor 
strongly  smelling  of  muiiatio  acid  and  proved  to  contain 
cc^per  by  giving  a  fine  blue  with  ammonia.  The  residue 
in  the  retort  was  a  brown  oxyd  of  copper.     This  when  ex- 
posed to  air  turns  green,  shewing  therefcx^  that  it  is  not  a 
wnple,  but  a  muriated  oxyd.     Part  of  the  muriat  of  cop- 
per therefore  is  volatilized,  as  it  is  well  known  that  this 
salt  readily  rises  in  distillation.     The  muriatic  acid  how- 
ever is  not  sufficient  in  this  ore  to  saturate  the  oxyd  of 
copper  J  and  hence  by  simple  boiling  in  water  only  a  small 
portion  is  dissolved,  which  gives  iuna  cornea  mxlv  iiqSx^X 
cSsHven 
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This  ore  was  analyzed  by  KlaproA  in  the  following 
simple  manner,  its  general  contents  having  been  ascertain- 
ed by  the  above-mentioned  experiments.  One  hundred 
grains  of  the  ore  >vere  dissolved  in  nitric  acid  without 
heat,  during  which  about  1 1-2  of  iron  ochre  was  deposit-^ 
ed.  It  was  then  diluted  and  nitrat  of  silver  added  to  as- 
certain the  quantity  of  luna  cornea.  Of  this  last,  64 1-2 
grains  were  obtained,  of  which  10  grains  were  muriatic 
acid,  according  to  separate  experiments  by  which  it  ap- 
pears that  100  grains  of  ^ver  form  133.  of  luna  ccxnea,^ 
and  of  the  33  grains  additional  weight,  12  1-2  are  oxy- 
gen, and  20  1-2  muriadc  acid.  The  copper  was  then 
precipitated  as  usual  by  iron,  and  weighed  57  1-2  grains 
in  the  metallic  state,  equal  to  73  of  the  brown  oxyd. 
Klaproth  does  not  consider  the  iron  however  as  essential 
to  the  ore,  and  therefore  excludes  it  from  the  estimate. 

Phosphat  of  Copper. 
This  rare  metal  was  analyzed  by  Klaproth  in  ti^  follow- 
ing way.  It  was  first  dissolved  in  nitric  acid,  which 
made  a  clear  blue  solution,  leaving  untouched  16  parts 
out  of  100,  which  were  quartz.  The  solution  was  then 
just  saturated  with  potash  to  engage  amy  excess  of  nitric 
acid,  and  acetited  lead  was  then  added,  which  gave  a  co- 
pious white  precipitate,  and  a  small  excess  of  the  acetite 
was  used  to  ensure  the  complete  precipitation.  This 
white  insoluble  salt  from  appearance  might  be  either  sul- 
phat,  or  arseniat,  or  muriat,  or  phosphat  of  lead,  but  it 
was  proved  to  be  the  latter  by  the  two  following  tests ; 
1st.  when  fused  by  the  blowpipe,  in  the  moment  of  cool- 
ing it  assumed  a  garnet.like  form  with  shining  sur&ces, 
which  sudden  crystallisation  is  peculiar  to  phosphat  c^ 
lead ;  and  2dly,  when  digested  with  dilute  sulphuric  add, 
sulphat  of  lead  was  formed,  and  naked  phosphoric  acid 
remained  in  tlie  liquor,  which  bemg  neutralized,  partly 
by  soda  and  partly  by  ammonia,  gave  the  well-known 
snicroco^tnic  $9lU  The  nj^tive  phos^phwic  w\d  was  thete- 
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face  separated  from  the  copper  in  this  analjrsis,  and  from 
loo  grains  (exclusive  of  the  quartz)  138  grains  of  pbos^ 
pbat  cS  lead  were  formed,  the  phosphoric  acid  of  wluch 
was  estimated  fix)m  other  experiments  to  amount  to  30.95 
grains*  The  cupreous  solution  was  then  treated  with  a 
little  sulphat  of  soda,  to  separate  the  lead  fix>m  the  Excess 
of  the  acetite  remaining ;  some  jiaked  sulphuric  acid  was 
then  added,  and  the  copper  was  separated  by  iron  in  the 
metallic  state>  which  (increased  in  the  proportion  of  125 
to  100),  was  found  equal  to  68.13  of  oxyd  of  copper. 

The  above  analyses  include  almost  all  the  important 
ores  ci  copper,  except  those  in  which  it  is  combined  with 
tin,  which  will  be  treated  of  under  that  metal.  It  may  ht 
mentioned  however  that  the  most  accurate  way  of  sepa- 
rating copper  from  tin  appears  to  be  to  inunerse  in  a  so- 
lution of  both  metab  a  stick  of  tm,  which  will  precipitate 
all  the  copper,  whilst  the  loss  of  weight  of  the  immersed 
tin  subtracted  from  the  entire  quantity  of  tin  afterwards 
obtained  from  the  solution,  will  indicate  the  quantity  of 
tin  belonging  to  the  ore<.  [1  A^cins  Die.  327. 

Of  the  Heduction  of  Copper  Ores. 

The  only  ores  of  copper  in  fact  that  are  wrought  in  the  , 
hrgjc  way,  and  from  which  the  copper  of  commerce  is  for 
the  most  part  supplied,  are  the  sulphureous  and  arsenical 
ores  of  this  metaL  The  metliod  of  reducing  thejm,  tliough 
consisting  of  a  great  number  of  processes,  on  account  of 
the  powerful  affinity,  both  of  the  arsenic  and  sulphur,  is 
yet  upon  the  whole  very  simple,  being  little  more  than  re- 
peated roasthigs  and  fusions,  till  the  metal  has  acquired 
the  necessary  ductility,  for  it  is  never  brought  to  a  state  of 
abscdute  purity,  and  the  commoner  sorts  contain  both  ar- 
senic and  antimony,  in  such  proportions,  as  to  be  wholly 
unfit  for  alloying  with  eitlier  gold  or  silver. 

The  rough  ore,  if  simply  sulphureous,  is  broken  iwXa 
faeces  not  larger  than  an  egg,  and  separated  ^.^  Tcvwc^'aLS 
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possible  from  the  adhering  earthy  impurities ;  after  which 
it  is  piled  in  large  kilns,  and  heat  being  applied  at  the  bot- 
tom, the  whole  mass  becomes  gradually  heated,  and  a 
large  portion  of  the  sulphur  sublimes  out,  and  may  be  ei- 
ther collected  by  proper  flues,  or  allowed  to  escape ;  this 
first  process  occupies  about  six  months,  at  the  expiration 
of  which  time,  the  evaporation  of  the  sulphur  ceases,  and 
when  the  ore  has  cooled  sufficiently,  it  is  in  a  fit  state  to 
be  smelted. 

If,  however,  the  ore  is  largely  combined  with  arsenic, 
it  is  not  capable  of  keeping  up  a  long  combustion  of  it« 
self,  nor  is  the  heat  thus  generated  adequate  to  the  expuU 
sion  of  the  arsenic ;  a  somewhat  difierent  method,  there- 
fore, of  roasting  must  be  had  recourse  to.  For  this  pur- 
pose the  ore  is  still  more  carefully  dressed  than  in  the  for- 
mer case,  and  is  reduced  to  pieces  not  larger  than  a  hazle- 
nut.  It  is  then  spread  on  the  floor  of  a  large  reverbera- 
tory  furnace,  and  exix>sed  to  a  dull  red  heat,  with  fi:'equent 
stirring,  in  order  to  o&r  fi-esh  surfaces  to  Ae  action  of  the 
flame.  -  The  arsenic  and  sulphur  by  tlus  treatment  are  ra- 
pidly driven  off,  and  m  about  twelve  hours  the  roasting  is 
completed. 

The  ore  b  now  transferred  into  the  fusing  furnace, 
which  b  a  revcrberatory  of  the  common  construction  ;  a 
little  bruised  lime-stone  is  generally  added  by  way  of  flux, 
and  in  the  course  of  four  or  five  hours  the  fusion  b  usually 
complete ;  the  slag,  now  of  the  consbtence  of  soft  dough, 
b  raked  off,  and  the  copper  is  dbcharged  through  a  plug- 
hole into  water,  by  which  it  b  reduced  into  small  drops 
or  grains. 

The  copper,  however,  though  in  the  metallic  state,  b 
still  very  impure,  being  largely  mixed  vrith  sulphur  and 
arsenic,  which  give  it  a  grey  colour,  and  render  it  perfect- 
ly brittle.  In  order  to  separate  these  impurities,  it  is  re- 
melted  and  granulated  twice  more,  or  oftener,  a  considera* 
ble  quantity  of  slag  being  separted  at  each  {uw)a ;  but  as 
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tUs  slag  contains  some  copper  it  is  not  thrown  away »  but  ^ 
ivorked  ov^  again  with  the  next  charge  <^  calcined  ore. 
The  number  of  fusions  and  granulations  entirely  depend 
on  the  quantity  of  impurities^  and  the  obstinacy  with 
which  they  combine  with  the  copper ;  but  when  these  pro* 
cesses  have  beai  rq>eated  the  requisite  number  of  times^ 
the  granulated  mass  is  melted  and  cast  into  pigs.  These 
again  are  broken  to  pieces,  and  roasted  for  one  or  two 
days  in  a  low  red  heat,  and  again  melted  and  roasted  se- 
veral times,  till  the  metal  approaches  to  the  state  of  mal- 
leable copper.  It  is  now  cast  into  oblong  masses,  about 
14  inches  in  length,  and  is  fit  for  the  refining  furnace.  In 
this  it  is  again  melted,  with  the  addition  of  a  little  char« 
coal,  till  it  acquires  the  necessary  degree  of  malleability, 
and  thus  becomes  saleable  copper. 

Sometimes  lead  is  employed  with  good  e&ct  in  the  re- 
fining of  copper,  as  it  combines  with,  and  scorifies  iron^ 
and  the  other  easily  oxydable  metals  in  preference  to  cop* 
per.  For  tins  purpose  the  rough  copper  is  spread  on  the 
floor  of  a  fiunace,  and  when  it  is  in  complete  fusicMi,  about 
6  or  8  per  cent,  of  lead  is  thrown  in,  and  well  mixed  with 
the  rest.  In  a  short  time  the  surface  of  the  melted  me- 
tal becomes  covered  with  a  semi- vitreous  blackish-brown 
scoria,  consisting  of  the  mixed  oxyds  of  lead,  iron,  and 
other  impurities,  together  with  a  little  copper.  The  first 
scoria  being  removed,  a  second  is  formed,  which  is  in  like 
manner  scummed  off,  and  so  on  successively,  till,  after 
ten  or  twelve  hours  the  copper  is  sufficiently  purified : 
this  is  ascertained  by  the  thinness  of  the  film  with  which 
the  mdted  copper  is  covered,  and  by  its  being  of  a  brick- 
red  colour,  also  by  tlie  circumstance  diat  if  a  rod  of  |)o- 
Ibhed  iron  is  dipped  into  the  fused  mass  the  pordon  of 
0(^>per  that  adheres  to  it  immediately  falls  off  when  the 
rod  is  dipped  in  cold  water. 

So  far  the  editors  of  Rees's  Encyclopaedia :  but  the  pro- 
cess is  not  so  easv,  and  deserves  to  be  trcattd  mox^  ^ 
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length ;  I  shall  therefore  present  the  reader  with  other 
accounts,  not  regarding  the  chance  of  some  tautology,  and 
repetition. 

Reduction  of  the  Ores. 

The  reduction  of  copper  ores  in  the  large  way  is  oa  the 
ivhole  a  very  simple  business,  being  little  else  than  a  sue* 
cession  of  roasting  and  reducing  processes  of  the  simplest 
kind,  till  the  metal  acquires  the  desired  degree  of  mallea* 
bility  and  purity.  It  is  to  be  observed  that  both  arsenic 
and  sulphur  adhere  to  copper  with  great  obstinacyi 
even  long  after  it  has  assumed  the  appearance  of  a  pure 
regulus,  and  even  in  very  small  proportion  they  make 
the  metal  britde,  hard,  and  difficult  to  work. 

There  are  scarcely  two  works  in  which  precisely  the 
same  order  is  observed  in  the  different  reducing  processes 
(supposing  the  quality  of  tlie  ore  to  be  the  same)  and  a$ 
the  manufacturer  is  generally  satisfied  with  that  which 
has  been  long  established  and  is  attended  with  ordinary 
success,  he  seldom  enquires  whether  the  labour  may  be 
shortened  or  the  expense  diminished. 

The  sulphuret  of  copper  which  is  obtained  in  such  vast 
quantities  at  the  Parys  mine  in  Anglesea,  is  wrought  into 
rough  copper  in  the  following  manner.  The  ore  is  dug 
up  in  large  pieces  (being  mostly  obtained  by  blasting) 
and  is  first  broken  into  smallish  lumps  by  the  hammer, 
chiefly  by  women  and  children,  and  put  into  a  kiln  fixmi 
which  proceed  flues  that  open  into  a  very  long  close  pent- 
house gallery  to  collect  the  sulphur.  The  kiln  is  covered 
close,  and  a  litde  fire  is  applied  to  the  mass  of  ore  in  dif-^ 
ferent  places,  wherd>y  the  whole  is  gradually  kindled. 
The  sulphur  then  rises  in  vapour  to  the  top  of  the  kiln, 
and  thence  through  the  flue  into  the  long  gallery,  where 
It  slowly  condenses,  and  is  afterwards  brushed  out  and 
further  prepared  for  sale.  The  mass  of  ore  when  once 
kindled  continues  to  bum  of  itself  witli  a  smouldering 
beat  for  abput  six  months,  during  which  time  the  suU 


Copper.  27 

phur-chamber  is  cleared  out  four  times,  after  which  the 
ore  is  sufficiently  roasted.  The  old  sulphur-chambers  are 
OQ  a  level  with  the  kilns  and  of  the  same  length  and  height, 
or  in  &ct  they  are  a  prolongation  of  the  kilns  :  but  the 
more  modem  and  improved  chambers  are  like  lime-kilns, 
the  ore  being  at  the  bottom,  and  the  sulphur  subliming  at 
die  top,  with  a  contrivance  to  take  out  the  roasted  ore,  and 
thus  to  keep  up  a  perpetual  fire. 

The  richest  part  of  the  roasted  ore  is  exported  without 
further  preparation,  but  the  poorest  part  is  smelted  on  the 
spot  It  stiH  contains  a  vast  quantity  of  sulphur  and  other 
impurities.  The  smelting  houses  are  a  range  of  large  re- 
verberatofy  furnaces,  thirty-one  of  which  are  under  the 
same  roof,  ranged  side  by  side  in  a  single  long  row.  They 
are  an  air  furnaces,  the  chimneys  of  which  are  41  feet 
high,  which  causes  a  most  powerful  draught  through' 
tfaem.  The  fuel  is  coal,  which  is  burned  on  a  grate  at  the* 
anterior  part  of  the  furnace,  and  the  flame  in  drawing  up 
the  chimney  passes  over  the  bed  of  the  reverberatory,  in- 
to which  is  put  12  cwt.  of  the  roasted  ore,  previously  mix« 
ed  with  a  small  p(»tion  of  coal  dust  The  ore  is  here 
mdted  and  reduced  into  a  very  impure  r^ulus,  and  when 
sufficiently  fused  it  is  drawn  off  through  a  plug-hole  into 
earthen  moulds.  A  single  charge  of  the  furnace,  or  12 
cwt  jTields  1-2  a  cwt.  of  rough  copper,  which  by  further 
purification  affords  about  50  per  cent,  of  pure  malleable 
metaL  The  furnaces  work  off  a  single  charge  about  eve- 
ry five  hours. 

The  cqiper  furnaces  in  Cornwall  are  also  of  the  rever- 
beratory kind.  The  ore  when  drawn  up  fix)m  the  muie 
is  first  broken  into  pieces  no  bigger  than  a  hazle-nut, 
which  operation  is  called  cobbing ^  and  the  better  sort  is 
picked  out  by  hand.  The  reduction  begins  by  the  pro- 
cess of  roasting  in  large  reverberatory  furnaces  14  feet  by^ 
16,  the  bottom  or  bed  of  which  is  made  of  fire-bdck!&axv3i 
covered  to  the  thickness  of  about  two  feet  with  sVlacVsvv^ 
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sand,  which  runs  together  by  the  'heat  into  a  semi- vitrified 
mass.  The  chimney  is  from  forty  to  fifty  feet  high^  which 
causes  such  a  powerful  draught  that  the  arsenic  and  sul- 
phur separated  during  the  roastbig  pass  almost  entirdy 
through  the  chimney  into  the  open  air,  none  of  it  be- 
ing collected  as  at  Anglesea.  The  ore  is  spread  over  the 
bottom  of  the  furnace  about  a  foot  thick,  being  thrown  ia 
through  a  kind  of  funnel  or  hopper  just  above.  The  fuel 
IS  Welsh  coal,  which,  as  usual,  is  burnt  at  the  anterior 
part  of  the  furnace,  and  its  flame  draws  over  the  surface 
cf  the  ore  in  its  passage  to  the  chimney.  In  this  furnace, 
which  is  called  the  calcining  furnace,  and  is  the  largest  of 
all,  the  ore  is  roasted  without  addition  witliaduUred  heat 
fix*  12  hours  and  is  fi^uently  in  that  time  stirred  with  a 
long  iron  rake,  introduced  through  a  hole  at  the  further 
end  of  the  reverberatory,  to  expose  fresh  surfaces  to  the 
action  of  the  flame.  The  ore  is  not  melted  here,  but  whm 
roasted  sufficiently,  it  is  carried  to  another  fun)ace  exactljr 
mmilar  to  the  former,  but  smaller,  that  is,  about  9  feet  bgr 
6,  and  here  it  receives  a  fusing  heat,  but  still  without  any 
addition,  except  that  when  the  slog  does  not  rfee  freely,  a 
little  calcareous  sandij/tfffown  in.  At  the  end  of  eveiy 
four  hours  th^.jslfi^^  raked  out ;  it  is  then  of  the  consist- 
ence of  soft  dough  and  is  laded  into  oblong  moulds,  and 
..^rlitde  water  is  sprinkled  upon  it  to  make  it  sink  down, 
>  after  which  the  moulds  are  quite  filled  with  it,  and  when 

i>  cold  it  makes  hard  solid  bk)cks  of  slag  about  14  inches 

long  and  12  deep  and  broad,  which  are  used  for  building* 
After  the  slag  is  raked  ofl',  a  fi^esh  charge  of  calcined  ere 
is  let  dowTi  into  the  reverberatory,  and  the  copper  is  tapped 

^  off"  by  a  hole  in  the  side  of  the  furnace,  which  before  the 

fusion  had  been  stopped  up  with  a  shovel  full  of  Met  clay 
mixed  with  about  a  fourth  of  new  coal,  which  prevents  the 
clay  from  hardening  too  much,  so  that  the  hole  may  rea- 
dily be  oi)ened  by  an  iron  pick. 
The  rough  copper  as  it  runs  &om  ^  s^a&»t  k  cou 
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veycd  by  a  gutter  into  a  large  kind  of  bucket  suspended 

by  chains  in  a  well  through  which  a  stream  of  water  is 

passing,  and  here,  in  falling  into  the  water,  the  metal  is 

granulated,  which  takes  place  without  explosion  or  dan« 

ger,  and  it  is  then  drawn  out  by  raising  tlie  bucket 

The  copper  is  still  however  extremely  impure,  though 
apparently  in  the  metallic  state,  being  grey  and  perfecdy 
brittk,  and  still  mixed  with  arsenic  and  sulphur,  to  sepa* 
rate  which  is  the  work  of  several  subsequent  processes* 
It  b  then  remelted  and  granulated  twice  more,  or  oftener, 
each  time  throwing  up  a  slag  in  the  furnace,  which  is  re- 
moved before  the  plug-hole  is  tapped ;  but  as  this  slag 
contaiitt  some  copper,  it  is  not  cast  into  moulds  as  the  first, 
but  worked  over  and  over  again  with  tlie  fiesh  charges  of 
calcined  (»e.  The  number  of  fusions  and  granulations  b 
entiFety  determined  by  the  nature  of  the  ore.  The  gni« 
nulated  mass  is  tlien  melted  and  cast  into  pigs,  which 
have  ia  blistered  appearance  on  the  surface,  and  are  bro« 
ken  up  and  roasted  for  one  or  two  days  in  a  low  red  heat, 
and  again  melted  and  roasted  as  before  for  several  times 
till  the  metal  is  considerably  purer,  and  at  last  is  cast  ia 
oblong  iron  moulds  about  14  inches  in  lei^h,  when  it  is 
removed  to  the  Refining  Furnace.  Here  it  is  again  melt- 
ed with  the  addition  of  a  little  charcoal,  till  it  is  brought 
to  a  sufficient  purity  to  bear  the  hammer,  and  is  now  good 
saleable  copper. 

It  is  observable  that  in  the  former  process  when  the 
crude  and  britde  metal  is  cast  in  sand  in  the  form  of  large 
pigs  or  ingots,  the  best  part  of  the  copper  rises  to  the  sur- 
£ice,  and  when  cold  may  be  knocked  off  with  a  hammer, 
forming  a  brittle  crust  about  three-quarters  of  an  inch 
thick,  of  a  grey  colour  and  a  steel-like  fracture. 

Thus  by  a  series  of  successive  calcinations  and  fusions 
in  the  simplest  manner  possible,  tlie  common  copper  ores 
are  fi-eed  from  arsenic,  sulphur  and  earthy  mattei^>  ^sA 
gradua/i/  brought  to  the  state  of  malleable  cop^*  >N\«t^ 


Copper. 

a  variety  of  ores  from  different  places  and  of  different  spc?" 
cies  are  brought  to  the  same  smelting-house  (which  is  the 
case  in  many  of  the  houses  at  Swansea  and  different  parts 
of  the  Bristol  coast)  much  technical  judgment  is  exercise 
in  sorting  the  ores  and  distributing  the  charges  for  d 
furnace  in  such  a  manner  that  the  more  fusible  will  i 
the  reduction  of  the  refractory,  and  the  pocffcr  will  tl 
made  more  worth  working  by  the  addition  of  a  portitm  <i 
the  richer  ores,  and  the  like. 

The  subsequent  operations  whereby  the  ingots  or  puj 
of  malleable  copper  are  formed  into  sheet  copper, 
nails,  bolts,  cauldrons,  and  an  infinite  variety  of  mand 
factored  articles,  do  not  come  within  the  province  of  pijl 
diemistty  :  it  may  be  sufficient  to  observe  that  the  ham* 
mering  renders  the  metal  much  more  uniform,  close,  and 
ductile,  but  this  requires  to  be  frequently  alternated  with 
annealing  at  a  full  red  heat,  to  prevent  the  metal  from 
cracking  under  the  powerful  pressure  to  wliich  it  is  ex- 
posed. Immediately  after  the  last  annealing,  the  copper 
plates  are  quenched  in  urine,  which  somewhat  hardens  the 
surface,  and  gives  it  that  redness  which  is  considered  by 
the  merchant  as  one  mark  of  the  purity  of  the  metal. 

In  the  reduction  of  the  copper  ores  of  Neusol  in  Hui^ 
gary,  lead  is  used  in  the  refining  part  of  tiie  process*  | 
the  following  manner  :  the  rough  copper  is  spread  on  1 
bed  of  a  furnace,  and  when  it  has  been  six  hours  in  1 
iion,  some  lead,  in  the  proportion  of  from  6  to  8  percent. 
of  the  copper,  is  thrown  in,  wliich  immediately  beguis  to 
vitrify  and  to  form  a  thick  scoria  along  witii  the  impurir 
ties  of  the  copper,  which  is  scummed  off  successively  t 
the  whole  is  exhausted  and  tlie  copper  remains  fine  i 
clear.  This  process  lasts  from  ten  to  twelve  hours,  witfi* 
fiftj-  quintals  of  raw  copper.  The  scoriae  retain  a  portion 
of  copper,  which  makes  it  answer  to  ivork  them  again. 


•Jars  Voyages  McvaW.  torn.  X, 


-itll 

ion 

i 


Q^per.  31 

The  power  which  the  vitrified  oxyd  of  lead  has  to  sco- 
rify all  metals,  except  gold,  silver  and  platina,  is  amply 
shewn  in  the  process  of  •/f^wying',  and  hoice  it  must  hap« 
pen  that  in  refining,  some  of  the  copper  becomes  oxidated  ' 
together  with  the  lead ;  but  the  same  process  of  assaying 
shews  that  copper  requires  a  large  portion  of  lead  for  thb 
purpose,  and  therefore  the  latter  metal  in  so  small  a  (mto* 
portion  as6  to  8  per  cent  is  probably  a  most  useful  ad« 
dition  where  not  too  expensive.  For  of  all  the  common 
imperfect  metals,  copper  is  that  which  scorifies  and  oxi- 
dates with  most  difficulty  when  in  fusion,  and  therefore 
the  same  method,  with  some  little  variety,  may  be  prac- 
tised to  separate  lead  and  tin  (for  example)  from  copper, 
as  any  or  all  of  these  metals  from  silver  or  gold,  care  be- 
ing taken  in  the  former  case  not  to  cany  the  scorification 
b^ond  what  is  necessary  to  separate  the  more  easily  oxi- 
dable  metals  fi*om  the  copper  which  then  remains  in  the 
metallic  state*  This  will  be  further  noticed  in  the  suc- 
ceeding ardcle  oiAlbys  of  Copper  j  and  the  purification  of 
beU-metal.  After  the  greater  part  of  the  lead  has  been 
worked  off  as  often  as  is  judged  necessary,  the  remaining 
6opper  must  be  kept  for  a  while  longer  in  fusion,  to  throw 
up  the  last  portions  of  lead  that  may  adhere.  In  assay- 
ing gold  or  ^ver  the  total  expulsion  of  the  lead  is  known 
by  the  fine  metal  becoming  at  once  brilliant  on  the  sur- 
&ce,  but  in  refining  copper  this  appearance  can  never 
take  place,  as  the  copper  itself  always  forms  a  thin  oxyd 
on  its  melted  surface ;  and  therefore,  to  judge  whether  it 
is  pure,  the  workman  dips  a  polished  iron  rod  in  the  melt- 
ed mass,  and  draws  out  a  portion  of  copper  adhering  to 
it,  which,  if  pure,  immediately  falls  off  when  the  rod  is 
dipped  in  water.  The  colour  of  the  scoria  is  also  another 
test-  While  the  copper  remains  impure  and  alloyed  with 
iron,  sulphur,  &c.  the  vitrified  oxyd  on  the  surface  is  black 
or  of  a  dirty  brown,  but  the  scoria  of  pure  copper  is  red, 
and  also  is  readily  separated  from  the  iron  wVveu  co\^ 
kaving  no  stxifi  behind. 
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The  plates  of  fine  red  copper,  called  Rosette  Copper  j 
sre  made  in  the  foUowing  way.*  When  the  refined  cop- 
per is  found  by  the  way  just  mentioned  to  be  sufficiently 
pure,  the  surface  of  the  melted  metal  is  well  scummed 
and  suflfered  to  cod  till  it  is  ready  to  fix,  at  which  dme  a 
workman  brudies  it  over  with  a  wet  broom,  which  imme- 
diately  fixes  the  surface  and  causes  a  thin  plate  to  sepa^ 
rate  from  tlie  still  fluid  metal  below.  This  plate  is  taken 
off  and  thrown  into  water,  where  it  takes  a  high  red  co- 
lour, and  the  same  process  of  wetting  the  surfece  is  re- 
peated with  the  remaining  fluid  metal  successively,  till 
the  whole  is  reduced  to  these  thin  irregular  plates. 

A  considerable  quantity  of  copper  is  obtained  from  the 
springs  of  native  sulphat  of  copper  or  blue  vitriol,  which 
are  found  in  most  copper  mines  or  flow  from  hills  contain- 
ing this  metal.  To  obtain  it,  the  vitriol  water  b  pump- 
ed up  into  large  square  open  pits,  two  or  three  feet  deep, 
made  with  rammed  clay,  into  which  is  tlirown  a  quantity 
of  refuse  iron  of  any  kind,  and  suffered  to  remain  for  a 
considerable  time,  during  which  the  iron  is  dissolved, 
displacing  by  superior  affinity  the  copper  which  is  pre- 
cipitated in  the  form  of  a  brown  mud.  When  the  watei^ 
b  thus  exhausted  of  its  copper,  the  pits  are  raked  out,  and 
the  oxyd  collected  from  them  is  simply  dried  in  the  sun. 
It  b  then  fit  for  reduction  in  the  reverberatory  furnaces  in 
the  usual  manner.  This  is  by  far  the  richest  mateiial 
employed,  for,  though  containing  some  clay  and  iron  mix. 
ed  with  the  copper,  it  yields  on  an  average  full  50  per 
cent,  of  pure  metal,  and  therefore  it  is  seldom  smelted  by 
itself,  but  mixed  with  the  poorer  ores,  some  of  which  con- 
tain  no  more  than  five  per  cent,  of  metal. 

Many  of  tlie  finest  copper  ores  contain  so  much  silver 
us  to  make  it  worth  while  to  extract  this  last  metal  by  a 
separate  operation,  which  will  be  described  under  the  ar- 

*  Macquer  Chexn.  Diet. 
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tide  Sihcr.  In  all  the  difierent  roastings  and  reductions 
necessary  to  bring  the  coi^)er  to  purity,  the  silver  remains 
united  with  it.  \A^cm. 

I  have  translated  the  fdtowing  account  from  Hellot^s 
Schlutter,  v.  2.  p,  496 ;  it  is  the  substance  of  the  best 
methods  detailed  by  him.  His  w(»*k,  like  that  of  Jars^ 
who  wrote  tong  after  him,  contains  not  only  detailed  ac- 
counts of  the  processes  of  various  works,  but  plates  of  the 
various  furnaces  in  use.  I  give  none  of  these,  being  per- 
suaded that  the  well  known  and  long-approved  Cupola 
furnace  of  the  lead  and  copper  works  of  England,  is  pre- 
ferable. 

At  the  Bristol  foundery,  they  smelt  the  copper  ores  of 
Cornwall,  Devonshire  and  New  York,  in  a  reverberatoiy 
furnace  suchas  b  used  for  lead.  The  ore  is  broken  into 
small  pieces  of  the  size  of  a  walnut.  Thehearth  is  made 
of  sea  sand :  the  basin  that  receives  the  metal  1^'out,  is 
made  in  the  same  way.  They  are  baked  by  tne  heat  (^ 
stone  coal.  The  ore  is  also  heated  in  the  same  manner 
which  serves  also  for  roasting.  This  poured  on  the  heardt 
through  a  hole  in  the  arch  by  means  of  a  hopper,  and  the 
hole  is  then  closed :  it  is  thus  fed  with  four  quintals  of  ore 
every  four  hours.  The  coals  are  lighted  on  a  grate  on 
each  side  of  the  hearth,  and  the  flame  reverberates  on  the 
ore  firom  the  arch,  as  in  a  red-lead  furnace :  the  ore  is 
thus  roasted  and  then  melted.  The  scorim-  are  raked  off 
by  an  opening  left  for  th'is  purpose.  The  matt,  or  crude 
metal,  is  run  off  every  24  hours.  This  furnace  is  kept  in 
bbst  for  a  twelve  month  together. 

Secondly,  The  crude  metal  broken  in  pieces,  is  placed 
on  the  same  kind  of  hearth  in  another  furnace,  and  kept 
under  the  flame  of  the  reverberatoiy  for  18  hoiu^ :  it  is 
then  let  out  into  a  basin  or  reservoir  of  sea  sand,  some- 
times cemented  by  being  mixed  with  finely  powdered 
glass,  and  then  exposed  to  strong  heat.    This  operation, 


^' 


Copper. 


nes  12  times  ■ 


termed  roasting,  is  repeated  8  and  sometimes 
before  black  copper  can  be  obtained.  When  this  appears, 
it  is  let  off,  and  run  into  ingots,  which  are  again  exposed 
to  the  reverberatory  till  the  copper  is  quite  purified.  This 
is  let  off  and  granulated  by  falling  into  water  wlille  in  a 
melted  state. 

Such  a  reverberatcHy  may  be  worked  by  wood  as  wdl 
as  coal. 

The  hearth  and  basin^catin)  may  be  made  of  sand  as  a- 
bove  mentioned,  with  a  thin  coating  of  pounded  and  sift- 
ed glass,  which  when  melted,  unites  the  surface  into  a 
compact  body.  Soinctimes  they  are  made  of  one  part  by 
measure  of  clay,  and  two  parts  or  more  of  charcoal  dust 
with  one  measure  of  well  burnt  pounded  brick  or  fire  ' 
stone ;  all  these  are  moistened,  well  mixed,  and  %vdl 
beaten  with  flat  wooden  and  iron  pounders,  and  rammed. 
The  flux  is  sometimes  (in  Englitnd)  common  salt,  and 
sometimes  broken  glass,  and  scorix. 

Refining. — This  is  for  the  purpose  of  scorifying  any 
iron,  lead,  zinc,  tin^  antimony  or  cobalt  Uiat  the  metal 
may  contain. 

The  furnace  is  m  shape  of  a  table  2  feet  6  inches  fiom 
the  ground,  6  feet  6  inches  wide  and  4  feet  6  inches  deep. 
At  the  distance  of  9  feet  3  inches  from  the  ground,  an  arcJi 
is  raised,  and  on  this  arch  a  cliimney,  and  the  wall  against 
which  the  furnace  is  supported.  At  the  sides  of  the  fur. 
nace,  a  door- way  is  left,  the  height  of  a  man,  to  clear  the 
surface  of  the  melted  metal.  The  bottom  should  be  as 
high  as  the  underside  of  the  air  pipe  or  tuyere  (t^vecr)  and 
hollowed  out  by  means  of  an  iron  cutting  ring  with  a 
slanting  edge,  6  feet  6  inches  diameter  and  9  inches  deep  : 
wcU  beaten,  and  made  smooth,  and  then  dried  by  gradually 
beating  it.  A  strong  blast  from  a  pipe  of  one  inch  diameter 
should  play  full  on  the  surface  of  die  melted  metal  covered 
with  coals.     There  must  be  also  a  hole  left  near  die  tweer 
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to  introduce  the  Trial  Iron  into  the  metal  exposed  A  th^ 
nose  of  the  blast.  The  metal*being  perfectly  melted,  thi^ 
blast  should  be  continued,  M^ith  Iresh  coals  for  half  an 
hour :  the  copper  being  less  oxydable  than  the  metals 
mixed  with  it,  these  rise  in  scorias  to  the  top,  and  are  re- 
moved occasionally  by  the  refiner,  by  raising  theni  with 
pointed  sticks,  and  then  raking  them  c^as  quickly  as 
possible  lest  the  metal  should  cool,  first  removing  the  hot' 
coals  all  round  and  stopping  the  blast :  the  surface  is  a- 
gain  covered  with  hot  crals,  and  the  blast  renewed.  When 
the  surfiice  affords  no  more  scoriae,  the  refiner  tries  the 
metal  with  the  iron  which  is  a  rod  of  about  3  feet  6  inches 
long,  about  as  thick  as  a  finger,  and  pointed  with  polished 
steeL  Thisis  heated  moderately,  and  plunged  quickly  iiito. 
Aemelted  metal  of  whicha  part  sticks  to  theiron.  If  it 
removes  easily  firom  the  iron,  and  is  of  a  good  colour  and 
all  smoke  is  over,  the  fire  is  continued  enou^  If  U; 
sticks  too  hard  to  the  iron,  the  metal  is  not  yet  pure. 

If  pure,  the  surface  of  the  copper  b  sprinkled  (not 
splashed)  with  water,  and  the  congealed  phtes  are  tsdken 
off  with  pinchers,  and  is  the  rose  copper,  or  Rosette. 

As  the  blast  strikes  the  copper,  care  should  be  taken 
that  it  does  not  blow  away  the  coals,  which  also  may  now 
and  then  be  sprinkled  to  prevent  their  flying  off.  Carealso 
should  be  taken  to  keep  the  mouth  (£  the  bellows  dean, 
and  the  sides  of  the  basin  should  be  so  managed  that  the 
inclination  of  the  melted  matter  should  be  slightly  toward 
the  bellows  or  tweer. 

If  there  should  not  be  metal  enough  to  fill  the  basin  so 
that  the  blast  shall  strike  on  the  melted  metal,  a  charge  of 
copper  already  refined  should  be  put  in,  or  the  whde 
mass  may  be  stirred  upward,  with  a  sdck  of  wood,  wUch 
when  burnt  away  may  be  supplied  by  another. 

When  the  Rosettes  are  taken  off  by  the  pinchers,  th^ 
shouU  be  plunged  into  water  obliquely  by  the  edges,  not. 
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flat,  otherwse  some  parts  of  the  hot  copper  tiot  qiiilc 
fixed,  may  be  thrown  off  against  the  wcx-kman. 

The  essay  should  be  frequent :  when  finished,  the  cop* 
per  throws  out  small  globules  and  is  red,  and  filamentous 
with  few  yellow  spots.  The  scoriae  fix>m  bemg  black, 
become  txown  and  brownish  red,  and  emit  no  smoke. 

When  the  refining  is  carried  further  than  b  necessaiy, 
the  plates  are  thicker,  the  under  side  also  is  full  of  pointed 
drops,  but  the  metal  is  not  the  worse. 

If  the  copper  is  not  sufficiently  refined,  the  plates  are  of 
unequal  thickness,  and  have  inequalities  of  a  dark  colour 
near  the  edges,  or  the  metal  has  pale  coloured  spots  in  its 
firacture. 

The  refining  hearth  may  be  near  the  foundery  furnace: 
it  may  be  of  fire  stone,  fire  brick,  or  brasque. 

The  refining  occupies  fit)m  an  hour  and  a  half  to  two 
hours. 

If  the  basin  must  be  emptied,  it  may  be  done  by  ladles 
well  covered  with  clay  inside  and  out. 

The  scoriae  should  always  be  so  removed,  that  the  blast 
may  strike  the  surface. 

The  hearth  ought  to  be  examined  and  mended  after 
each  operati(»i. 

There  should  be  an  iron  ring  to  retain  the  coals. 

I  shall  now  proceed  to  give  the  processes  used  at  the 
mines  of  Fahlun,  hi  Sweden,  andTrcsburgh  near  Bruns- 
wick, in  Germany,  fiom  3  Jars  Voyages  Mineralogiques. 

I  select  these,  because  the  Swedish  copper  is  very  good, 
and  because  the  works  at  Tresbui^h  were  under  the  di- 
rection  ofM.  Cramer,  whose  skill  is  well  known.  At 
Fahlun,  they  do  not  find  it  necessary  to  wash  the  c»e :  at 
Tresburgh  it  is  washed,  after  being  broken,  and  sorted, 
and  sifted. 

At  Tresburgh,  owing  to  the  quantify  of  fluor  spar  that 
accompanies  the  ore  and  assists  the  fusion,  the  ore  is  not 
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previously  roasted.  But  at  FaMun  and  many  places  in 
Germany,  the  (H^e  is  roasted  in  the  open  air,  upon  a  leveU 
led  jdatform  of  earth  about  14  feet  long  by  7  fi^  6  inches 
broad.  The  bottom  is  well  covered  with  bUlets,  on  which 
the  ore  is  laid  and  heaped  up  to  the  height  of  about  5  feet 
6  inches.  The  more  sulphurous  and  p3nitical  pieces  are 
in  the  middle,  the  richer  on  the  outside.  The  sides  are 
covered  with  the  dust  of  the  ore  sufficiently  thick  to  re- 
tain the  heat.  Holes  are  made  at  the  top  for  the  sulphur 
and  fume  to  escape.  The  fire  is  gradually  kept  up  for  a 
month  or  mcH^e.  The  mass  is  then  opened,  and  the  ore 
carried  to  the  furnaces  for  smelting  the  copper  into  a  matt^ 
which  is  afterwards  carried  to  the  refining  furnace. 

Of  these  furnaces,  both  Schlutter  and  Jars  give  plates, 
(Schlatter  plate  32,  Jars  vol.  3.  plate  3).  The  smelting 
furnace  at  Fahlun,  is  made  thus :  upon  an  arch  open  at 
each  end,  surrounded  by  masonry  (the  arch  being  prefer- 
red to  avoid  the  quantity  of  moisture  which  solid  mason- 
ry would  furnish)  a  platform  of  brasque,  a  composition, 
half  clay  and  half  sand,  is  laid  and  well  beaten ;  four  or 
five  feet  square.  On  this  another  composition  is  well 
beaten  of  equal  parts  of  clay  and  charcoal  dust.  This  is 
hollowed  out  to  1 5  inches  deep,  leaving  the  two  layers 
of  teasque  at  least  six  inches  thick.  At  this  level  of  15 
inches  fix>m  the  bottom  is  placed  the  nose  of  the  tuyere. 
The  bottom  has  a  gentle  inclination  to  allow  the  melted 
matter  to  run  and  gather  to  one  end.  The  furnace  is  a- 
bout  3  feet  by  3  feet  6  inches  and  about  4  feet  8  inches 
high.  It  is  well  dried  by  being  gradually  heated.  It  is 
charged  with  charcoal  and  ore.  The  fix)nt  is  made  up 
with  fire  stone  or  clay,  and  the  furnace  tapped  as  occasion 
requires. 

At  Fahlun,  sometimes  the  ore  is  roasted  in  furnaces  ap« 
propriatcd  to  this  purpose,  where  it  receives  seven  or 
eight  firings. 


38  Copper. 

The  matt,  or  produce  of  the  first  smelting  of  the  roast- 
ed ore,  is  again  melted  in  a  similar  furnace  of  smaller  di- 
mensions, where  it  produces  large  pigs  of  black  copper. 
The  detaib  of  all  this  are  best  given  in  2  Schlutter,  p. 
492,  who  also  treats  at  large  on  tb;  refining  of  copper. 

The  refining  furnace,  is  about  3  feet  8  inches  by  3  feet 
2  1-4  inches  deep.  The  tweer  of  copper  has  an  inclina- 
tion of  about  25  degrees,  and  the  blast  is  directed  toward 
the  most  distmit  part  of  the  furnace.  The  basm  of  the 
furnace,  b  made  of  a  composition  of  two  parts  well  tem- 
pered clay,  beaten  up  with  one  part  charcoal  dust  and  one 
part  cinders.  Of  thb  composition  or  brasque  there  are 
three  la]^ers.  When  well  made,  it  will  last  for  three  or 
four  refinings.  The  loss  amounts  to  ten  per  cent.  The 
copper  is  taken  out  in  rosettes  as  above  described. 

At  Tresburgh  the  furnace  is  5  French  fi^et  lugh,  3  fiset 
deep,  16  inches  wide  at  one  end,  and  21  at  the  odier 
where  the  tweer  enters,  which  is  not  elevated  above  4  or 
5  inches  above  the  basm  of  the  front  hearth. 

The  o^per  undergoes  repeated  fiiaons  at  the  refining, 
till  it  becomes  pure,  which  is  tried  as  has  been  already 
mentioned  in  the  case  of  the  English  furnaces. 

The  following  note  I  copy  firom  some  manuscripts 
lent  me  by  my  much  respected  fiiend  Dr.  Hunter  of  Phi- 
ladelphia. 

Copper  R^ned. 

Memorandum  of  a  process  for  refiiung  copper  at  one 
smelting,  ^ven  by  Mr.  Francb  Da  Costa.  The  kop- 
perpys  (the  ore)  are  put  into  an  air  furnace,  which  is  first 
heated  slowly  to  give  an  opportunity  ioc  the  sulphur  and 
other  volatile  metallic  substances  such  as  antimony  and 
iirsenic  to  evaporate— half  an  hour  afterwards  increase  the 
heat  to  fusion.  Then  throw  on  the  surface  of  the  metal 
a  layer  of  fine  white  clear  sand  which  melts  and  dissolves 
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a  mass  of  cinder  at  the  surface.    When  formed  take  it 
out  widi  a  scraper  and  let  the  metal  renudn  in  a  fluid 
state  long  enough  to  allow  the  remaining  oxydable  sub- 
stances to  come  to  the  surface,  and  then  renew  the  opera« 
doD  with  sand  should  that  second  operation  prove  neces* 
sary ;  and  let  the  cinder  be  again  scraped  out.    Then 
throw  on  the  sur&ce  of  the  fluid  copper,  powdered  char- 
coal to  cany  off*  the  oxygen  remaining.  When  this  xSaar-^ 
coal  is  burnt  down,  dip  into  and  stir  the  copper  well  with 
a  stick  which  whilst  burning,  occasions  an  ebullition 
which  throws  up  to  the  surface  those  parts  of  the  metal, 
that  had  not  been  in  contact  with  the  coal,  and  throw 
some  more  coal  upon  it  and  renew  the  operation  undl 
you  ascertab,  that  the  refimng  b  complete  which  is  ca^« 
ly  done  by  taking  outa  little  of  the  melted  copper  with  a 
small  ladle ;  cast,  cool  and  break  it,  if  the^metal  appears 
silky  and  of  a  good  colour,  the  metal  is  pure  and  fit  fcnr ' 
any  purpose — ^when  cast  into  large  thin  moulds,  it  required 
to  be  very  hot,  and  at  the  same  time  the  moulds  ought 
to  be  very  dry,  to  prevent  accidents,  or  the  losing  the  in- 
tended casting  piece.    Mr.  Da  Costa  believes  that  this 
process  depends  on  the  difference  of  affinity  between  cop- 
per and  iron,  which  last  is  the  principal  impurity  in  the 
copper  brought  fix>m  the  Spanish  main. 

N.  B.  G.  H.  has  examined  several  samples  of  copper 
brought  firom  Spanish  America  and  never  found  any  iron 
in  tfiem — ^he  generally  found  sulphur  and  antimony. 

Perhaps  powdered  magnesia  (manganese)  Would  have 
a  good  e&ct  in  separating  the  semi-metals,  which  are 
commonly  found  in  a  small  proportion  in  copper  in  pigs, 
and  therri>y  facilitate  the  nudleability  of  it,  by  stirring  it 
wdl  widi  the  melted  copper.    Nitre  is  too  dear. 

Having  now  given  some  ideas  of  the  mode  of  working 
cc^yper  oies,  from  writers  who  have  treated  on  thesubjectj 
I  win  give  the- substance  of  my  own  notes,  tsksiv  csaia^ 
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tour  to  Amlwch  or  Amluch,  in  the  isle  of  Angleaea  which 
I  visited  in  the  year  1791,  solely  from  curiosiQr  to  see 
the  Parys  copper  mine  of  that  islancL 

We  ( I  and  Mr.  Baker,  a  proprietor  of  oil  of  vitriol  works, 
who  wished  to  pmt^hase  sulphur  at  Anglesea ;  the  Mr. 
Baker,  who  combimng  some  experiments  of  my  own  and 
Mr.  Charles  Taylor's,  struck  out  the  most  perfect  and 
compendious  system  of  bleaching  yet  kno^vn)  went  to 
Chester  from  my  residence  at  Altringham. 

At  Chester,  a  town  of  litde  trade,  for  it  is  a  borough  or 
corporation  tovm^  there  is  nothing  remarkable  but  the  por« 
ticoes  of  the  street,  hollowed  out  of  the  rock.  The  coun- 
try people  of  Wales,  sell  there,  their  home  made  woollen 
stockings,  such  as  are  here  sdd  for  75  cents,  at  10  pence 
sterling  per  pair  by  the  dozen.  (1791).  It  will  be  a  loi^ 
time  before  the  raw  material  wool,  is  as  cheap  in  America 
as  in  England. 

After  leaving  Chester,  toward  Conway,  we  found 
nothing  but  Welch  spoken  by  the  commonalty :  I  know 
of  nothing  so  amusingly  strange  to  an  English  ear,  as  a 
Welch  scolding  match,  with  which  we  were  more  than 
once  entertained.  Not  a  word  of  English  from  thence  to 
Anglesea  ^^  dim  sausenick"  I  do  not  understand  Saxon, 
or  English,  was  the  common  reply.  There  is  no  such 
utter  ignorance  in  this  country. 

After  visiting  die  ruins  of  Comvay  Casde,  we  took 
chaise  (the  Landlord  of  the  inn  refusing  to  let  us  have 
(me  unless  with  four  horses)  toward  Anglesea,  over  Pen- 
man Maur. 

The  road  is  dug  on  the  side  of  the  rock,  and  imperfect- 
ly made.  A  wall  about  five  feet  high  protects  the  travel- 
ler firom  an  abrupt  precipice  of  about  a  hundred  and  fifty 
feet  below,  the  sea  for  a  great  part  of  tlie  way  washing  the 
foot  of  the  rock ;  on  the  side  of  which,  we  had  to  pass 
over  a  road  from  ten  to  sixteen  feet  broad.    We  slowly 
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feUowed  die  stage  coach ;  which  was  conducted  with 
great  caution  by  the  driver,  over  a  part  of  the  road  where 
the  mountain  overhung  the  carriage ;  the  wall  was  to  the 
rig^t)  and  a  large  shelving  rock  not  blown  up  in  the  path* 
vray  of  the  road,  required  all  the  circumspection  that  could 
be  employed.  All  was  not  enough.  The  coach  tilted 
when  it  came  upon  the  stone  in  the  road ;  it  fell  upon  the 
wall ;  and  Mr.  Baker  and  I,  scrambled  over,  just  in  time 
to  take  the  passengers  out  at  the  window  on  the  side  of 
the  wall  toward  the  precipice^  The  coach  balanced  on 
tiie  wall.  We  put  up  at  a  tavern  on  the  Anglesea  side 
of  the  Menai :  there  as  at  every  other  tavern  where  we 
sXapt  between  Chester  and  Anglesea,  a  harper  introduced! 
himself:  and  without  further  ceremony  than  the  first 
obeisance,  struck  up  the  national  tune  '*  of  a  noble  race 
was  Shenkin.'' 

We  passed  m  our  toad  from  Chester,  HolyweD,  a 
flounshing  Uttle  town^  containing  as  I  think  the  largest 
qpring  of  water  in  the  kingdom,  turning  many  cotton 
works*    But  I  kiiow  nothing  more  of  it; 

We  went  to  Amlwch,  or  Amiuch  as  the  English  pro- 
nounce it.  t  cannot  imitate  by  writing  or  by  sounds  the 
guttural  pronunciation  of  the  Welch^  The  English  with 
the  vulgar  impoliteness  of  ignorance  laugh  at  American-^ 
ism&  t  confess  we  can  do  without  lengthy ^  and  illyj  and 
preAcate:  these  are  not  expressions,  which  will  justify 
our  national  literature  in  taking  what  We  call  ^^  high 
groundJ^^  And  notwithstanding  the  excellent  defence 
made  in  behalf  of  our  language  by  the  editor  of  the  Port 
Folio  against  the  ignorant  and  hasty  sarcasms^  of  the  Edin« 
burgh  Review,  I  could  wish  Mr.  Barlow  in  hb  Colum- 
biad,  had  been  more  sparing  of  his  novelties  in  language^-^ 
noveldes  that  he  may  own  if  he  pleases,  but  which  do  not 
bclongto  us.  Still  our  representatives  do  not  flfea/trr^rw- 
isms — ^nor  do  they  move  Mr.  Speaker  to  appoint  a  short 
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day — ^nor  are  they  ^^tf  to  cow/?*^^  that  they  dififer  from 
the  right  honourable  gentleman  in  their  eye^  &c.  fee. 

But  where  is  the  civilization  of  Great  Britain,  vdien  the 
Welch,  the  Irish,  the  Scotch,  the  Border,  the  YorkslHre, 
the  Lancashire,  the  London,  the  Somersetshire,  and  the 
Cornish  ejects,  are  mutually  unintelligible  to  the  inha- 
bitants of  each  ?  Bring  t(^ether  an  inhabitant  of  Orms- 
kirk  or  Poulton  in  the  Fylde  in  Lancashire,  and  Redruth 
or  Truro  in  Cornwall,  and  although  ^each  would  talk 
English,  they  would  understand  each  other,  about  as 
tnuch  as  an  Hottentot  and  a  Cherokee.  There  is  no  such 
disgrace  in  America.  Five  and  twenty  years  may  have 
lessened  it  in  England,  but  it  existed  in  great  force  at 
that  period. 

We  went  to  the  Parys  moimtain^  which  is  about  a 
mile  long.  It  is  excavated  from  the  top  downward.  All 
is  open  to  the  day.  No  shafts,  no  levels,  the  ore  is  drawn 
lip  to  the  top. 

The  kinds  of  ore,  are  the  common  yellow  sulphuret  of 

copper — azwe  or  mountain  blue — malachite  or  mountain 

green  (carbonats) — ^Black  copper  ore,  contaminated  with 

sulphuret  of  lead^  black  jack  and  calamine — sulphuret 

of  copper  or  blue  vitriol  chrystallized,  and  in  solution^ 

which  is  pumped  up — sulphat  of  lead,  and  the  dog-tooth 

lead  ore. 

There  is  also  found  in  small  quantities,  native  copper-— 

dnd  some  native  sulphur. 

The  c(^per  and  sulphur  in  the  best  part  of  tiie  ore,  are 
about  equal  in  quantity.  The  dirt  of  the  gangue  or  ma* 
trix  amounts  to  nearly  one  half. 

In  roasting  the  ore,  the  miners  have  a  notion  that  the 
metal  becomes  concentrated  in  the  middle  of  the  lump. 
But  this  is  a  mistake.  The  middle  part  is  most  sdfid  and 
heavy,  because  it  is  less  acted  on,  by  the  heat,  the  air, 
«nd  the  sulphuric  acid  formed  during  the  combustion  of 
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liie  si^huret.  Much  valuable  matter  appeared  to  me  to 
be  washed  away^  Much  blue  vitriol  (sulphat  of  copper) 
and  much  green  vitriol,  (sulphat  of  iron)  might  be  made 
tbne ;  but  the  copper  is  usually  precipitated  from  the  cop* 
per  water,.,  by  immersing  bars  of  iron  in  it. 

In  my  time,  they  did  not  save  the  sulphur,  but  let  it 
bum  away..  A  few  years  afterward,  Mr.  Thomas  Henry 
cf  Manchester,,  elder  brother  of  Dr.  William  Henry  the 
chemist,  went  to  Anglesea,  to  contract  for  the  sulphur 
Aat  mi^t  be  saved  by  roasting  the  ore  with  an  append- 
age of  long  flues^  and  a  chamber  to  save  the  sulphur  sub- 
limed, which  he  proposed  to  introduce..  But  the  scheme 
did  not  answer  to  Mm.  I  believe  the  sulphur  contain- 
ed some  arsenic,  which  rendered  it  unfit  for  the  oil  of 
vitriol  manufactory.. 

Mr.  T.  Henry  afterward  died  in  South  America,  as  a 
supercargo  for  Nicklin  and  Griffith  of  Philadelphia. 

The  following  account  by  Mr.  Arthur  Aikin,  who  was 
at  Anglesea  in  1796.  coincides  with  my  own. 

Process. — The  ore  is  got  from  the  mine  by  blasting ; 
after  which  it  is  broken  into  smaller  pieces  by  the  hammer 
(this,  being  chiefly  done  by  women,  and  children),  and 
piled  into  a  kiln,  to  which  is  attached  by  flues  a  long  sul- 
phur chamber.  It  is  now  covered  close  'r,  a  litde  fire  is 
applied  in  different  places,  and  the  whole  mass  becomes 
g^radually  kindled ;.  the  sulphur  sublimes  to  the  top  of 
fhe  luln,  whence  the  flues  convey  it  to  the  chamber  ap- 
pointed for  its  reception.  This  smouldering  heat  is  kept 
up  for  six  months,  during  which  the  sulphur  chamber  is 
cleared  four  times,  at  the  expiration  of  which  period  the 
ore  is  sufficiently  roasted..  The  poorest  of  this,  diat  is, 
such  as  contsuns  fix)m  one  and  a  fourth  to  two  per  cent,  of 
metal,  is  then  conveyed  to  the  smelting-houses  at  Aml- 
wch-port ;  the  rest  is  sent  to  the  company's  furnaces  at 
Swwaea  and  Stanley  near  Liverpool.    The  greater  part 
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of  the  kilns  are  very  long,  about  six  feet  high ;  and  the 
sulphur  chambers  are  of  the  same  length  and  height,  con« 
nected  by  three  flues,  and  on  the  same  level  widi  the 
kilns;'  four  new  (»ies,  however,  have  been  built  at 
Almwch-port,  by  which  much  sulphur  is  preserved  thai 
would  have  been  dissipated  in  the  old  kilns«  The  new 
ones  are  made  like  lime-kilns,  with  a  contrivance  to  take 
out  the  roasted  ore  at  the  bottom,  and  thus  keep  up  a  per- 
petual  fire.  From  the  neck  of  the  kiln  Ix^anches  off  a  ^- 
gle  flue,  which  conveys  the  sulphur  into  a  receiving  cham-^ 
ber,  built  on  the  rock,  so  as  to  be  on  a  level  with  the 
neck  of  the  kiln,  diat  is,  above  the  ore. 

The  two  smelting-houses,  of  which  one  belongs  to 
each  company,  contain  31  reverberatory  furnaces,  the 
chinmies  of  which  are  41  feet  high ;  they  are  charged 
cveiy  five  hours  with  12  cwt.  of  ore,  which  yields  1-2  cwt. 
of  rough  copper,  containing  50  per  cent,  of  pure  metal ; 
the  price  of  rough  copper  is  about  21.  10s.  per  cwt.  The 
coals  are  procured  from  Swansea  and  Liverpool,  a  great 
part  of  which  is  Wigan  slack.^  From  experiment  it  ap- 
pears, that  though  a  ton  of  coals  will  reduee  more  ore 
than  the  same  quantity  of  slack,  yet,  owing  to  the  difler- 
ence  of  price,  the  latter  is,  upon  the  whole,  preferable ; 
the  prices  of  the  two  at  Liverpool  being— coals  8s.  6d% 
per  ton — -slack  (small  coal)  5s.  per  ditto. 

The  sulphat  of  copper,  however,  is  the  richest  ore  that 
the  mine  yields,  containing  about  50  per  cent,  of  pure  me- 
tal.  This  is  found  in  solution  at  the  bottom  of  the  mine, 
whence  it  is  pumped  up  into  cisterns,  like  tanners'  pits, 
about  two  feet  deep :  of  these  pits  there  ai  e  many  ranges, 
each  range  communicating  with  a  shallow  pool  of  con- 
siderable extent.  Into  these  cisterns  are  put  cast-iron 
plates,  and  other  damaged  iron  vessels  procured  fi'om 
Coalbrook  Dale;  when  the  sulphuric  acid  enters  into 
combination  with  die  iron,  letting  fall  the  copper  in  the 
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tsrm  of  a  red  sediment  very  slightly  oxided.  The  cis^- 
tarns  are  cleared  once  in  a  quarter  of  a  year,  when  the 

suljtet  of  iron  in  solution  is  let  off  into  the  shallow  pool, 
and  the  copper  is  taken  to  a  kiln,  well  dried,  and  is  then 
ready  for  exportation.  The  sulphat  of  iron  remaining  in 
die  pool  pardy  decomposes  by  spontaneous  evaporation, 
and  lets  £dl  a  yellow  ochre,  which  is  dried  and  sent  to 
Liverpool  and  London. 

The  sulphur  produced  in  the  roasting,  after  being  melt- 
cdand  refined,  is  cast  into  rolls  and  large  cones  and  sent 
to  London.  The  cones  are  used  cluefly  for  the  manufac- 
toy  of  gunpowder  and  sulphuric  acid. 

Green  vitriol  and  alum  are  also  made  in  small  quantities 
by  a  separate  company ;  but  to  these  works  strangers  are 
not  admitted. 

The  number^f  men  employed  by  the  t\vo  companies 
is  1200  miners,  and  about  90  smelters ;  the  miners  are 
paid  by  the  piece,  and  earn  in  general  fix>m  a  shilling  to 
twenty  pence  per  day. 

Tl^  depth  of  the  mine  in  the  lowest  part  is  50  fathoms, 
and  the  ore  continues  as  plentiful  as  ever,  and  of  aquali^ 
rather  superior  to  that  which  lay  near  the  surface. 

With  regard  to  the  annual  quantity  of  ore  nused,  little 
certain  can  be  mendoned.  The  Pary  s  mine  has  furnish* 
oi  fit)m  5000  to  10,000  tons  per  quarter,  exclusive  of 
what  is  procured  from  the  sulphat  of  copper  in  solution ; 
and  as  the  two  mines  employ  nearly  equal  numbers  of 
workmen,  they  probably  afford  about  the  same  quantity 
of  ore. 

AdjcMning  to  the  smelting-houses  is  a  rolling-mill,  up- 
on the  same  construction  as  malt-mills,  for  grinding  the 
materials  for  fire  bricks ;  these  consist  of  Augments  of 
old  fire-bricks,  with  clunch  (a  kind  of  magnesian  clay 
SMind  in  coal-pits)  procured  fit>m  near  Bangor-ferry. 
The  port  of  Almwch  is  chiefly  artificial,  being  cut  out 
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of  the  rocks  with  much  labour  and  cxpence^  and  is  capaUe 
of  containing  30  vessels  of  two  hundred  tcnis  burthen; 
it  is  greafly  exposed,  and  dangerous  of  access  durbg  high 
northerly  winds,  which  drive  a  heavy  sea  up  the  neck  of 
the  harbour.  The  two  companies  employ  15  brigs  fixm 
100  to  150  tons  burthen,  besides  sloops  and  other  crafty 
all  of  which  lie  dry  at  low  water. 

The  various  articles,  the  produce  of  the  mines^  which 
are  exported,  are  the  fdlowing : 

I.  Coarse  regulus  of  copper  firom  the  smdting-houses. 
II.  The  richer  copper  ore  roasted. 

III.  The  dried  precipitate  of  copper  from  the  vitriol  pits. 

IV.  Refined  sulphur. 
V.  Ochre. 

VL  Alum. 

VII.  Green  vitrioL 

The  town  of  Amlwch,  which  about  thirty  years  ago 
had  no  more  tlian  half  a  dozen  houses  in  the  whole  pa- 
rish, now  supports  a  population  of  four  or  five  thousand 
inhabitants;  and  was  at  present,  being  market  day, 
thronged  with  miners  and  country  people.  After  dinner 
we  walked  along  the  sea  shore,  climbing  the  steep  slate 
rocks,  whence  the  water  below  appeared  of  a  beautiful 
green,  and  so  transparent  as  to  shew  the  shelving  rocks  t0 
a  great  depth  beneath.  [Aikin.  1  Nick.  Jour*  4^0. 

From  Amluch  I  went  to  Beaumaris,  a  seaport  in  An- 
glesea ;  and  from  thence  m  a  vessel  laden  >vith  roasted 
copper  ore  to  Liverpool.  At  Liverpool,  I  went  to  the 
copper  works  in  the  neighbourhood,  and  also  to  thaw  at 
Warrington  and  Macclesfield  in  Cheshire ;  being  desi- 
rcHis  while  I  was  about  it,  to  trace  the  manufacture  as  far 
as  I  could.  But  those  works  were  not  easy  of  access^ 
and  I  could  obtain  no  precise  information :  what  occurs 
to  me  on  the  subject  at  present,  is  contained  in  the  ibl« 
lowing  remarks : 
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1.  Great  caution  is  required  in  washiAg  copper  ott. 
It  is  trae  the  earths  and  stones  adhering  to  it  should  be  got 
ridcrf*;  but  the  oxyds  and  the  carbonats  of  copper  inter- 
mixed, are  apt  to  be  washed  away, 

2.  In  roasting  the  sulphurets,  the  lumps  should  not 
exceed  die  size  of  a  hen's  egg :  they  are  usually  much 
larger.  But  the  sulphur  b  not  easily  dissipated  from  the 
centre  of  a  large  lump,  in  which  the  roasting  b  no  more 
than  superficial. 

3.  In  my  opinion  the  roasting  can  never  be  perfect 
where  the  combustion  b  supplied  by  the  sulphur  alone. 
I  can  see  no  good  reason  why  the  conunon  practice  of 
mixing  coal  dust  with  the  iron  c»^  intended  to  be  roasted^ 
Aould  not  be  applied  to  the  copper  ores. 

4.  If  the  sulphur  contain  arsenic  it  b  not  worth  saving. 
Thb  may  be  known  by  the  garlic  smell  and  the  white 
limies  that  accompany  its  combustion ;  and  by  its  giving 
a  white  colour  to  a  plate  of  pure  clean  copper  held  over  it 
wlule  it  bums.  If  the  sulphur  be  saved,  I  think  it  is  best 
done  by  horizontal  flues  with  doors  in  the  side ;  the  flues 
terminating  in  a  chamber,  which  however  must  have  an 
opening,  to  let  out  gasses  and  vapour. 

5.  I  know  of  no  furnace  necessary  either  to  the  smelt- 
ing, or  die  refining  of  the  ore,  other  than  the  common  cu- 
pola or  reverberatory  furnace.  Thb  furnace  b  so  con- 
trived that  tlie  ore  is  melted,  not  by  coming  into  immedi- 
ate contact  with  the  fuel  but  by  the  reverberation  of  the 
flame  upon  it.  The  bottom  of  the  furnace  on  which  the 
ore  b  placed,  is  concave,  shelving  from  the  sides  toward 
the  middle,  where  a  cavity  (basin)  is  Avorked  to  contain  the 
melted  metal :  it  may  be  laid  Avith  free  stone,  or  with  fire 
brick  set  in  loam,  or  made  of  Brasque  (charcoal,  burnt  clay 
andsoftclay,  well  mixed  and  beaten).  The  roof  of  the  fur- 
nace b  low  and  iirclied,  resembling  the  roof  of  a  baker's 
oven.  The  fire  is  placed  at  one  end  of  the  fiunace  upon  an 
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iron  grate,  to  the  bottom  of  which  the  air  lias  firee  acoessi 
through  the  bars :  at  the  other  end»  opposite  the  fire  place^ 
IS  a  high  perpendicular  chinuiey.  The  direction  of  the 
flame,  when  2JI  the  apertures  in  the  sides  of  the  furnace 
are  closed  up,  is  necessarily  determined  by  the  stream  of 
air  which  enters  at  the  grate  and  takes  its  course  toward  the 
chimney,  whose  opening  commences  about  the  level,  of 
the  melted  matter,  and  is  proportionate  to  the  draught  re». 
quired.  In  tending  thither,  it  strikes  upon  the  roof  of  the 
furnace,  and  being  reverberated  from  thence  upon  the' ore, 
soon  melts  it.     3  Watson,  ^74* 

Schlutter  has  given  plates  of  the  Cupola  furnace  i  and 
in  Rees's  Encyclopsedia,  new  edition,  (chemistry'  plate  1} 
there  is  a  section  of  a  cupola  furnace  with  the  application 
dT  a  double  bellows,  which  I  think  unnecessary,  though 
common  abroad*  The  common  lead  furnace,  which  is 
also  the  copper  furnace,  is  well  described  in  that  work, 
article  ^^  Lead.^'     It  is  this  t 

The  reverberatory  (cupola)  furnace  employed  in  smelt* 
^lg  lead,  is  made  <xi  the  same  plan  with  ^fhose  used  in 
puddling  iron  (Cort's  patent  (N-oCess.)  differing  however 
in  size,  and  a  few  other  particulars.  The  fire  is  made  on 
one  end,  and  the  flame  plays  over  the  hearth^  entering  an 
oblique  chimney  at  the  other  end,  which  terminates  in  a 
perpendicular  one  of  considerable  height.  The  length  qI[ 
the  hearth  from  the  place  where  the  fire  enters,  to  the 
chimney,  is  11  feet«  Two  feet  of  this  length  next  the 
fire,  constitutes  the  throat  of  the  furnace*  The  width  of 
the  same  is  four  feet,  and  its  depth  about  six  inches.  The 
length  of  the  fire  place  is  four  feet,  equal  to  the  width  of 
the  throat ;  its  width  two  feet,  and  depth  three  feet  boat 
the  grate  up  to  the  throat  of  the  furnace.  The  rest  of  the 
hearth  is  a  concave  surface,  nine  feet  long,  four  and  a  half 
feet  wide  at  the  throat  of  the  furnace,  seven  feet  four  inches 
wide  at  the  distance  of  two  feet  fix>m  the  hearth^  seven 
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feet  two  inches  in  the  middle  of  the  hearth,  five  feet  eleven 
inches  at  two  feet  distance  from  the  chimney,  and  two 
feet  ten  inches  at  the  place  Avhere  the  flame  enters  the  chim- 
ney at  two  apertures  each  ten  inches  square.  These  aper- 
tures terminate  in  the  oblique  part  of  the  chimney,  the 
section  of  which  is  sixteen  in^:hes  square,  which  commu- 
nicates with  the  main  chimney,  the  section  of  which  is 
twenty  inches  square.  Supposing  a  straight  horizontal 
line  drawn  from  the  lower  plane  of  the  throat  of  the  chim- 
ney to  the  opposite  side  of  the  funiacc,  the  lowest  part  of 
die  concave  hearth  which  is  in  the  middle  of  this  cavitv, 
is  nineteen  inches  below  this  line,  the  roof  of  the  furnace 
being  seventeen  inches  above  the  same  line. 

On  each  side  of  the  furnace,  are  three  openings,  each 
alx>ut  ten  inches  square  for  lead,  but  larger  for  copper ; 
provided  with  iron  doors  to  be  remo^'cd  as  occasion  re- 
quires. They  are  arranged  at  equal  distances  from  each 
other,  between  the  commencement  of  the  hollow  hearth, 
and  the  entrance  into  the  chimney.  The  lower  part  of 
these  apertures  is  on  a  level  with  the  horizontal  line  above 
alluded  to :  being  for  the  purpose  of  stirring  and  raking 
the  ore,  &c.  Besides  the  larger  openings,  there  are  two 
small  apertures,  one  below  the  large  middle  opening,  and 
nearly  on  a  level  with  the  bottom  of  the  furnace ;  the  other 
under  that  opaiing  Avhich  is  nearest  to  the  chimney,  at 
some  tlistance  above  the  first  aperture.  The  first,  is  a 
tap  liolc  for  the  metal ;  the  second  for  the  scoriae.  Tlie 
Oi-c  is  introduced  by  a  vessel  in  the  shape  of  a  hopper, 
placed  in  the  roof  of  the  furnace. 

The  preceding  descriptions  seem  to  me  clear  enough 
to  render  a  plate  unnecessary. 

6.  The  smelting  must  be  continued  and  repeated,  till 
the  black  copper  appears  of  its  proper  colour  and  fit  for 
the  refining ;  and  most  of  the  mixed  metals  are  calcined 
and  fused  with  the  slag.     I  do  not  know  a  finer  road,  than 
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ten  oc  twelve  miles  between  Liverpool  and  Warrington^ 
iqade  of  tlie  slag  of  copper  works. 

7*  The  theory  of  cleansing  copper  from  its  impure 
mixtures,  is,  that  it  is  less  easily  oxydable  than  iron,  zinc, 
antimony  or  the  other  semi-metals.  Sometimes  iron  is 
added  to  promote  the  separation  of  the  sulphur :  some- 
times lead  to  promote  the  oxydation  of  the  more  oxydable 
metals.  I  cannot  say  in  what  prop(»rtions,  or  under  what 
circumstances,  because  this  must  depend  on  die  mixture 
to  be  determined  by  the  previous  analysis  of  the  (»ie.  In- 
deed, I  distinctly  remember,  endeavouring  to  ascertain 
the  mixtures  and  the  circumstances,  but  without  e&ct. 
It  either  was,  or  was  pretended  to  be  a  great  secret.  Eve- 
ry manufactury  in  England,  is  a  repository  of  secrets.  I 
suspect  the  process  would  be  aided  by  manganese. 

8.  I  am  under  no  hesitation  in  saying,  that  the  inter- 
mixture of  charcoal  dust,  or  coak  dust,  with  the  ore  both 
in  the  previous  roasting,  and  in  the  furnace,  and  making  a 
N  tiiin  coating  at  the  bottom  of  the  hearth  and  basin,  of  the 
same  material,  would  greatly  promote  the  fusion  and  puri- 
fication of  the  matt.  Toward  the  last  stage  of  the  process 
of  refining,  when  the  oxydable  metals  are  to  be  oxyded, 
there  would  be  no  difficult}',  if  need  required,  to  intro- 
duce a  purrent  of  air  over  the  surface  of  the  mdted  metal, 
as  it  appears  to  me.  But  I  have  not  skill  in  the  subject 
to  do  more  than  surest.  « 

Copper  is  an  article  so  necessary  to  us  at  present  for 
sheathing  ships,  for  making  distilling  vessels,  for  vessels 
used  for  culinary  purposes,  for  plated  ware,  for  coin^  &q. 
Sec.  that  I  hardly  know  any  manufacture  of  such  impor- 
tance, after  that  of  iron  :  and  yet  we  h%yc  no  smelting 
work  few  copper,  or  any  copper  mine  worked  in  the  Unit- 
cd  States.  Nor  shall  we  have,  till  steam  engmesto  draw 
off"  the  water  and  to  nuse  the  ore,  become  common.  I 
would  gladly  undertake  the  article  mining y  and  perhaps  I 
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may  yet  venture  upon  it ;  but  I  have  no  experience  ex- 
cept for  about  six  months  in  a  coal  mine  of  my  own ; 
and  I  am  afraid  of  going  out  of  my  depth. 

I  have  said,  that  copper  is  of  great  moment  for  sheath- 
ing ships,  but,  I  think  the  use  of  coal-tar  will  go  a  great 
way  to  preserve  our  vessels  without  it  The  ship  build- 
ers, brought  it  into  disrepute  in  England  for  this  very 
reason  ;  it  preserved  the  ships  too  well. 

I  have  said  that  cqpper  is  of  great  moment  for  (RstUling 
vessels;  when  I  come  to  the  article  " distilleiy,"  I  shsdl 
make  this  assertion  of  mine  very  problematical :  probably 
m  the  next  number. 

I  have  said  that  copper  is  of  great  moment  for  cubnary 
vessels  :  but  iron,  or  iron  coated  with  Hicklin^s  porcelain^ 
or  with  Dr.  fiollman's  platina,  may  by  and  by  supersede 
copper. 

Having  now  reduced  (so  iar  as  my  knowledge  extends) 
the  copper  into  a  pure  metalline  state,  I  proceed  to  enume- 
rate its  properties  when  in  that  state. 

Properties  of  Pure  Copper.  It  is  in  colour  of  a  )rel- 
lowish  red :  it  is  ductile  and  malleable  :  it  is  harder  than 
alver:  it  breaks  with  a  hackly  fracture :  it  is  tougher  than 
any  other  metal,  excepting  iron :  it  emits,  when  rubbed, 
a  disagreeable  smell :  it  has  a  nauseous  taste :  it  fuses  at 
low  iidiite  heat:  before  it  melts,  it  exhibits  prismatic  co- 
lours on  its  sur&ce  :  it  burns  with  a  red  flame  edged  with 
green  when  fused  exposed  to  the  air :  it  is  easily  oxyd- 
ed  when  in  fusion :  it  is  easily  tarnished  by  common  ex- 
posure to  the  air :  when  so  exposed,  it  combines  with 
oxygen  and  carbonic  acid,  turning  green :  it  unites  to 
oxygen,  sulphur,  to  phosphorus,  to  oils,  to  all  the  acids 
and  alkalies.  The  specific  gravity  of  the  purest  or  Ja- 
ponese  copper  is  9, :  of  Swedish  copper  8,89 :  of  com- 
mon  copper  8,6. 
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Preparation  ofsulphat  of  Copper^  or  blue  vitriol oj  com- 
merce. 

The  sulphat  of  copper,  as  an  article  of  importance  in 
several  of  the  arts,  merits  our  attention.  For  the  purposes 
of  commerce  this  salt  has  been  prepared  by  different  me- 
thods, which  are, 

1st.  The  vitriolization  of  the  native  sulphurets  of  cop- 
per, (copper  pyrites). 

2dly.  The  formation  and  vitriolization  of  artificial  sul- 
phurets of  copper. 

3dly.  The  evaporation  of  cupreous  waters,  and 

4thly.  By  dissolving  metallic  copper  in  the  sulphuric 
acid. 

The  first  mode  is  practised  on  a  large  scale,  particu- 
larly in  Germany.  That  the  sulphurets  of  copper  are 
more  difiicult  to  vitriolize  than  those  of  iron  is  evident 
from  the  circumstance  of  the  latter  frequently  undergoing 
a  decomposition  in  consequence  of  exposure  to  atmosphe^ 
ric  air ;  on  this  account  some  particular  treatment  is 
required  to  fit  those  of  copper  for  our  present  purpose. 
Copper  pyrites  are  broken  into  small  pieces,  alternate  stra- 
ta are  formed  with  these  and  combustible  matter ;  when 
the  heap  is  finished  it  is  set  fire  to ;  tlie  fire  should  be 
moderate,  and  long  continued ;  by  this  means  the  opera- 
tion will  be  more  easily  managed,  and  more  salt  will  be 
formed  by  the  process.  This  routing  generally  lasts  for 
24  hours,  the  matter  remaining  is,  whilst  hot,  thrown  into 
tubs  containing  water  :  here  it  continues  during  48  hours : 
the  water  should  be  agitated  whilst  it  is  actmg  on  the 
roasted  ore.  The  ore  is  now  taken  fi-om  the  water  and  is 
roasted  a  second  time,  and  is  treated  with  water  as  before. 
We  continue  tlirowing  roasted  ore  into  the  water  until . 
this  last  receives  a  fine  blue  colour.  The  solution  must 
then  be  suflicicntly  evaporiitcd  in    boilei's  of  lead  or 
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copper  pans.  On  being  allowed  to  cool  the  salt  will  crj^s- 

tallize. 

Li  some  places  they  perform  the  roasting  during  twelve 
hours  in  a  reverberatory  furnace. 

In  some  countries  pyrites  which  contain  but  a  small 
quantity  of  copper  are  made  use  of  to  obtain  botli  the  sul- 
phur and  the  sulphat  or  blue  vitriol ;  for  this  purpose  the 
ore  is  broken  into  very  small  pieces,  earthen  vess.  Is  in 
the  form  of  tubes  are  charged  with  these,  and  tlien  they 
are  exposed  to  heat ;  the  sulphur  comes  over  and  is  re- 
ceived  in  iron  vessels,  connected  with  the  eartlien  ones 
above-mentioned ;  the  residuum  is  treated  for  vitriol  in 
the  manner  recommended  for  roasted  pyrites. 

The  second  method  is  employed  in  France  in  tlie  fol- 
lowing manner :  plates  of  copper  are  steeped  in  water, 
they  are  then  withdrawn  and  whilst  wet,  pulverized  sul- 
phur is  strewed  over  them ;  thus  prepared  they  arc  expos- 
ed in  an  oven  heated  to  redness ;  after  remaining  for 
some  time  in  this  oven  they  are  withdrawn,  and  whilst 
hot  they  are  thrown  into  tubs  which  contain  water. 
These  operations  are  repeated  until  the  whole  of  the  cop- 
per is  vitridized ;  when  the  water  is  sufficiently  impreg-* 
nated  with  salt,  it  is  evaporated,  &cc.  as  above-mentioned. 
According  to  Ncwmann,  cuttings  or  waste  pieces  of 
copper  are  stratified  and  cemented  with  sulphur.  The 
cover  of  the  cementing  pot  is  perforated  with  one  or  two 
smallholes,  and  the  cementation  is  continued  with  a  gentle 
fire  till  the  inflammable  part  of  the  sulphur  is  consumed. 
The  matter  is  then  boiled  in  water,  and  the  liquor,  after 
due  evaporation,  is  set  to  crystallize.     Such  parts  of  the 

cc^per  as  remain  uncorrodcd,  are  again  treated  in  the 

manner  just  described. 

Chaptal  fused  2lbs.  of  sulphur  in  a  crucible  heated  to 

redness  :  the  crucible  was  constantly  kept  in  the  midst  of 

the  burning  coals ;  in  this  situation  2lbs.  of  sheet  copper 
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were  put  into  it ;  in  a  very  short  time  after,  a  considerable 
flame  took  place,  and  the  copper  became  red ;  when  the 
flame  ceased,  the  crucible  was  removed  from  the  fire ; 
after  cooling,  the  copper  was  very  brittle,  of  a  fine  daik 
red  colour^  and  presented  a  silky  striated  fi^cture ;  it  weigh- 
ed 2/65.  lOoz.  The  sulphuret  thus  formed,  was  divided 
into  two  equal  parts,  one  of  these  was  occasionally  mcnst- 
ened  with  pure  water,  and  the  other  with  water  acidulated 
with  the  sulphuric  acid.  The  first  part  did  not  eflloresce ; 
notwithstanding  every  care  during  thirteen  months,  there 
%vas  not  the  least  appearance  of  vitriolization  :  the  second 
parcel  effloresced,  and  by  occasionally  moistening  it  with 
the  acidulated  water,  nearly  5lbs.  of  the  sulphat  of  copper 
was  obtained  from  it. 

It  is  said  that  tlie  quantity  of  sulphur  may  be  lessened 
by  projecting  it  on  the  copper  heated  to  redness. 

When  the  third  method  is  made  use  of,  wells  are  dug 
in  proper  situations  in  such  mines  as  are  charged  with  cu- 
preous waters,  into  these  the  waters  are  conducted  fix>m 
difibrcnt  parts  of  the  mme ;  it  is  only  necessary  to  evapo- 
rate them,  and  to  set  them  by  to  crystallize. 

The  fourth  method  will  certainly  furnish  a  very  pure 
salt.  As  metallic  copper  is  insoluble  in  the  sulphuric  acid 
in  the  cold,  a  boiling  heat  is  made  use  of  by  some  to  ef- 
fect the  combination^  Other  manufacturers  oxyde  the 
copper  by  exposing  it  to  heat  before  they  place  it  in  the 
acid.  Or  dissolve  the  oxyd  of  copper  at  once  in  sulphu- 
ric acid. 

Sometimes  the  sulphat  of  copper  is  contaminated  with 
a  mixture  of  the  sulphat  of  iron  (copperas.)  This  circum- 
stance will  make  it  unfit  for  most  purposes.  The  presence 

of  this  last  is  ascertained  by  dissolving  a  portion  of  the 
suspected  salt  in  water,  and  adding  the  infusion  of  galls 

to  it ;  if  there  be  any  iron  in  the  solution  a  black  colour 

^  will  be  produced* 
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Sulpliat  of  copper  has  a  very  strong,  styptic,  somewhat 
acidulous,  and  excessively  nauseous  taste.  It  is  soluble 
ki  about  four  times  its  weight  of  water.  When  dried  at  a 
heat  not  exceeding  that  of  boiling  water,  it  loses,  accord- 
ing to  Proust,  about  36  per  cent,  which  is  mere  water, 
afia:  which  the  residue,  which  is  a  jvhite  pulverulent  mass, 
is  s^[ain  soluble  and  cry stallizable,  as  at  first.  But  if  it  is 
calcined  with  a  strong  white  heat,  the  acid  itself  is  expel* 
kd  without  undergoing  decomposition,  and  at  length  there 
only  remains  black  oxyd  of  copper,  in  the  proportion  of 
S2  percent,  of  the  original  crystallized  salt^  Hence  100 
parts  of  sulphat  of  copper  consist,  according  to  Proust,  of 

Copper  25.6  7     forming    1     ^n 
Oxygen  6.4  3  black  oxyd  5 

Sulphuric  acid  32 
Water  35 

100 

Bergmann's  analysis  of  this  salt  nearly  agrees  with  that 
of  Proust  in  the  proportion  of  copper  (26  per  cent.) ;  but 
of  tlie  other  ingredients  he  reckons  28  of  water,  and  46  of 
acid.  [Rees^s  Encijc.  Art.  Copper. 

Verdigris. — I  know  of  no  more  authentic  account  than 
Chaptal's  dissertation  on  the  subject  who  has  had  more 
oppcntunities  of  information  th^n  any  person  else  who  has 
treated  on  this  manufacture.  I  would  premise,  however, 
that  I  can  see  no  reason  why  common  blue  vitriol  preci- 
pitated by  pearl  ash,  will  not  answer  all  the  purposes  of 
verdigris.  They  are  both  carbonats  of  copper.  In  the 
dying  of  hats,  I  am  persuaded  that  much  of  the  verdigris 
is  wasted,  and  that  blue  vitriol  would  bean  advantageous 
substitute;  for  blue  vitriol  and  logwood  give  a  blue, 
which  though  ver}' fugitive  on  cotton,  stands  tolerably  \vel! 
^Then  mixed  with  the  black  dvc  of  tlie  Irittcrv. 
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Observations  on  the  Manufacture  of  the  Acetite  of  Cop' 

per  or  Verdigrisy  Ferdet^  £s?r. 

Tl;e  acetite  of  copper  is  one  of  the  preparations  of  that 
metal  most  frequently  used  in  the  arts.  It  is  not  only  one 
of  the  principal  resources  of  painting,  but  upon  many  oc- 
casions is  employed  wi)(^  great  advantage  in  dying.  Al- 
most all  the  oxyds  of  copper  obtained  by  the  action  of  sa- 
line substances  have  a  blue  colour,  more  or  less  inclining 
to  green ;  and  almost  all  the  neutral  salts  corrode  the  metal, 
and  produce  that  oxyde  which  is  called  verdigris.  It  is 
sufficient  to  bring  them  into  contact  with  the  copper,  or 
to  immerse  the  metallic  plates  in  a  saline  solution,  and 
afterwards  to  expose  them  to  tlie  air  to  dry. 

Those  acids  which  oxydate  the  copper  by  their  decom- 
position, produce  an  effi^ct  like  tliat  of  neutral  salts.  The 
oxyde  is  of  a  soft  blueish-green  colour ;  their  action  is  so 
speedy,  that  if  the  copper  be  exposed  to  the  vapour  of 
them  for  some  minutes,  its  surface  will  be  immediately 
oxydated.  The  oxygenated  muriatic  acid  produces  that 
effect  as  well  as  the  vapour  of  the  nitric  acid,  and  even 
those  of  the  sulphuric  acid.  A  phenomenon  which  can- 
not escape  the  eye  of  an  observer,  is,  that  the  oxydes  of 
copper  obtained  by  fire,  are  very  different  from  those  pro- 
duced by  the  decomposition  of  acids  on  that  metal.  The 
colour  of  them  is  grey,  instead  of  being  green ;  and  wlien 
the  calcination  is  continued' a  long  time  at  a  violent  heat, 
they  may  be  concentrated  to  a  red  oxyde  of  a  blood  co- 
lour. This  phenomenon  was  observed  by  Kimckle  in 
his  Chemical  Laboratory. 

Saline  substances  are  not  the  only  ones  capable  of  oxy- 
dating  copper  green.  All  oils  and  fat  matters  produce 
the  same  effect.  Even  water,  when  left  for  a  considera- 
ble time  in  copper  vessels,  causes  an  oxydation.  But 
what  will  appear  very  extraordinary,  is,  that  tlie  greatci 
part  of  these  substances  have  no  sensible  effect  upon  cop- 
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per,  except  when  cold.  Those  salts  even  which  corrode 
that  metal  when  left  at  rest  in  vessels,  do  not  attack  it  in 
so  sensible  a  manner  when  in  a  state  of  ebullition. 

Of  all  the  preparations  of  copper  by  oxydatiion,  there  is 
none  nK»:e  valuable  than  that  made  by  vinegar.  All  the 
verdigris  used  in  commerce  is  prepared  by  that  acid,  and 
it  is  at  M ontpellier  in  particular  and  in  the  neighbourhood^ 
that  the  manufactories  of  it  are  established.  In  th^  Me* 
moirsof  the  Academy  of  Paris  for  1750  and  1753,  may 
be  seen  a  very  exact  descri[)tion  of  the  process  then  fol- 
lowed at  M6ntpellier  for  making  verdigris ;  but  as  that 
process  has  been  much  improved,  and  as  at  present  the 
husks  of  grapes  are  employed  instead  of  the  stalks,  a  me- 
thod &r  m<»ie  economical,  since  wine  is  no  longer  used^ 
the  following  account  of  tlie  manner  of  manu&cturing 
verdigris,  as  now  practised,  may  be  of  utility  to  the  pub- 
lic. 

The  first  materials  used  for  this  purpose  are  copper  and 
the  husks  or  skins  of  grapes  lefl  after  the  last  pressing. 
The  copper  employed  was  formerly  all  imported  from 
Sweden ;  but  at  present  it  is  brought  from  different  foun* 
dries  established  at  Saint  Bel,  Lyons,  Avignon,  Bedarieux^ 
Montpellier,  &c.  It  is  in  round  plates  half  a  line  in  thick- 
ness, and  from  twenty  to  twenty-five  inches  in  diameter. 
Each  plate  at  Montpellier  is  divided  into  twenty -five  la- 
minds,  forming  almost  all  oblong  squares  of  fix^m  four  to 
six  inches  in  length,  three  in  breadth,  and  weighing  about 
four  ounces.  They  are  beat  separately  with  the  hammer 
on  an  anvil  to  smooth  their  faces,  and  to  give  the  copper 
die  necessary  consistence.  Without  this  precaution  it 
would  exfoliate,  and  it  would  be  more  difficult  to  scrape 
the  surface  in  order  to  detach  the  oxydated  crust.  Besides 
this,  scales  of  pure  metal  would  be  taken  off,  which  would 
hasten  the  consumption  of  the  copper. 

The  husks  of  grapes,  known  at  Montpellier  under  the 
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name  -oF  raegue,  ivere  formerly  thrown  on  the  dung-hiU 
after  the  pouitrj-  had  picked  out  the  small  stonei.  contained 
in  them.  At  present  they  arc  preserved  for  making  ver- 
digris,  and  sold  at  the  rate  of  from  fifteen  to  twenty  Hvres 
pa  muid.  The  preparation  of  them  is  as  follows:  Alter 
the  vintage  is  finished,  the  husks  ure  subjected  to  the  press 
in  order  to  extrdct  all  the  wine  with  which  they  may  be 
impregnated,  and  they  are  then  put  into  vats,  where  they 
are  pressed  do^vn  with  the  feet  to  fill  up  all  the  vacuities 
and  render  the  mass  as  compact  as  possible.  The  cover- 
ings  of  these  vats  are  carefully  fastened  down,  and  thq' 
are  preserved  for  use  in  a  dry  cool  place. 

These  husks  are  not  always  of  the  same  quality :  when 
the  grapes  contain  littleofthesaccharine  matter,  u-henthe 
season  lias  been  rainy,  the  fermentation  incomplete,  or 
when  the  wine  is  not  generous,  the  husks  are  attended 
■with  several  faults.  1.  They  are  difficult  to  be  preserv- 
cd,  and  there  is  great  danger  of  their  soon  being  spoilt. 
2.  They  produce  very  little  effect,  cannot  be  easily  heat- 
ed, send  forth  very  little  of  the  acetous  odour,  and  make 
the  plates  of  copper  sweat  without  shewing  efflorescence 
on  their  surface.  Independently  of  the  nature  of  the 
grapes  and  tlie  state  of  the  wine,  the  quality  of  the  hu^ks 
varies  also  according  as  they  have  been  expressed  with 
more  or  less  care.  Husks  which  have  not  betn  much 
pressed,  produce  a  far  greater  effect  than  those  m  liicli  have 
been  dried.  To  explain  thtir  different  effi^cts,  it  will  he 
sufficient  to  observe  that  their  action  is  proportioned  to 
the  quantity  of  wine  they  retain,  as  it  is  that  liquor  alcHie 
which  can  pass  to  the  state  of  vinegar.  \Vhai  the  husks 
therefore  are  destined  for  a  verdigris  manufi'CtOTV,  care 
must  be  takai  to  express  them  only  weakl)',  in  order  to 
preserve  more  of  dieir  acidifiable  principle. 

When  a  sufficient  quantity  of  copper  and  of  husks  has 
been  provided,  nodiing  remains  but  to  proceed  to  the  opfr  J 
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rations,  which  are  generally  performed  in  cellars.  They 
may  be  performed  also  on  a  ground  floor  if  it  be  some* 
indiat  damp,  if  the  temperature  be  subject  to  little  variai> 
tion,  and  if  there  be  not  too  much  light.  The  first  op&.' 
ration  is  to  make  tlie  husks  ferment,  which  is  called  avina. 
For  that  purpose  one  of  the  vats  is  opened,  and  the  husks 
are  put  into  two  others  of  equal  size,  taking  care  to  ex* 
pose  them  as  little  as  possible  to  the  air,  and  not  to  com- 
press them.  Oiie  vat  full  of  husks  ought  to  fill  two,  and 
to  occupy  a  double  space  after  this  operation.  In  some 
manufactories  the  husks  contained  in  a  vat  are  dbtributed 
into  twenty  or  twenty-five  earthen  vessels  or  jars  called 
outcs^  and  which  are  generally  sixteea  inches  ia  height, 
fourteen  in  diameter  at  the  belly,  and  about  twelve  at  the 
mouth.  When  the  husks  have  been  put  into  diese  ves* 
sels,  they  are  covered  by  putting  the  lid  merely  on  the 
opening  without  pressing  it  down.  The  covers  are  of 
straw,  and  made  for  that  purpose.  In  this  state  the  husks 
soon  heat ;  and  this  change  may  be  known  by  thrusting 
the  hand  into  them,  and  by  the  sour  smell  which  they  be* 
gin  to  exhale.  The  fermentation  first  takes  place  at  the 
bottom  of  the  vessel,  and  gradually  ascending  extends 
itself  to  the  whole  mass.  It  proceeds  to  30  or  35  de- 
grees of  iieaumur. 

At  the  end  of  three  or  four  days  the  heat  decreases,  and 
at  length  ceases  entirely ;  and  as  the  manu&cturers  ap« 
preheml  the  loss  of  a  portion  of  the  vinegar  by  the  natu* 
ral  effect  of  a  heat  too  much  prolonged,  they  take  case  af- 
ter three  days  fermentation  to  remove  the  husks  firom  the 
fermenting  vessels,  in  order  that  they  may  sooner  cool. 
Those  who  employ  vats  remove  them  into  jars,,  and 
those  who  use  jars  put  them  into  others.  Besides  the 
loss  of  the  acetous  spirit,  too  great  heat  inclines  the  mass 
at  the  bottom  of  the  vessel  to  become  mouldy,  which 
renders  it  unfit  for  making  verdigris.    Some  manu&ctu<t 
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fers,  to  incresise  the  efl^  of  the  husks,  form  them  into 
lieapsy  which  they  besprinkle  with  generous  wine  before 
^y  bring  them  to  ferment. 

The  fomentation  does  not  always  take  plaoe  at  the 
0ame  time,  nor  with  the  same  energy.  Sometimes  it  com* 
snences  in  twenty.four  hours,  and  sometimes  it  has  not 
li^un  at  the  end  of  three  weeks.  The  heat  sometimes 
will  rise  to  such  a  height  that  the  hand  cannot  be  kept  in 
Ihe  mass,  and  that  the  acetous  odour  is  so  strong  that  (xie 
can  hardly  approach  the  vessels ;  while  at  others  the  heat 
is  hardly  sensible,  and  soon  vanishes.  There  are  even 
instances  of  the  husks  becoming  putrid  and  mouldy  with- 
out turning  acid.  The  fermentation  is  assisted  and  pro- 
moted by  raising  the  heat  of  the  place  by  means  of  chaf- 
ing-dishes, by  covering  the  vessek  with  cloths,  by  shut- 
ting the  doors,  and  by  airing  the  mass  with  more  care. 
The  differences  in  the*  fermentation  depend,  1.  On  the 
temperature  of  the  air :  in  summer  the  fermentation  is 
speedier.  2.  On  the  nature  of  the  husks :  those  which 
arise  from  very  saccharine  grapes  heat  more  easUy.  3.  On 
the  volume  of  the  mass  :  a  larger  mass  ferments  sooner, 
and  with  more  strength,  than  a  small  one.  4.  On  the 
contact  of  the  air :  the  best  aired  husks  ferment  best. 

At  the  same  time  that  the  husks  are  made  to  ferment,  a 
preliminary  preparation  called  desafonga  is  given  to  the 
plates  of  copper  which  are  used  for  the  first  time.  This 
operation  b  not  employed  for  those  which  have  been  al- 
ready used,  and  consists  in  dissolving  verdigris  in  water 
in  an  earthen  vessel,  and  rubbing  over  each  plate  with  a 
piece  of  coarse  linen  dipped  in  this  solution.  The  plates 
are  then  immediately  placed  close  to  each  other,  and  left 
in  that  nuuiner  to  dry.  Sometimes  the  plates  are  only 
laid  on  the  top  of  the  fermented  husks,  or  placed  undor 
those  which  have  been  already  used  for  causing  the  cop- 
per to  osydate.    It  has  been  observed,  that  when  the  cpe« 
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ration  called  desajbuga  has  not  been  employed,  the  plates 
grow  black  at  the  first  operation,  instead  of  becoming 
green. 

When  the  plates  are  thus  prepared,  and  the  husks  have 
been  brgught  to  ferment,  the  workmen  try  whether  the 
latter  are  proper  for  the  process,  by  placing  under  them  a 
plate  of  copper,  and  leaving  it  buried  there  for  twenty. 
four  hours.  If  the  plate  of  copper,  after  diis  period,  is 
found  covered  with  a  smooth  green  crust,  in  such  a  man* 
ner  that  none  of  the  metal  appears,  they  are  then  tiiought 
fit  for  being  disposed  in  layers  with  the  copper.  On  the 
other  hand,  if  drops  of  water  are  observed  on  the  surface 
of  the  plates,  the  plates  are  said  to  sweat,  and  it  is  con* 
eluded  that  the  heat  of  the  husks  has  not  sufficiendy  sul> 
sided*  They  consequently  defer  making  another  trial  till 
the  next  day.  When  they  are  assured  that  die  husks  are 
in  a  proper  state,  die}^  form  them  into  layers  in  the  follow- 
ing numner: 

The  plates  are  all  put  into  a  box,  which,  instead  of , 
having  a  bottom,  is  divided  hi  the  middle  by  a  wooden 
grate.  The  plates  disposed  on  this  grate  are  so  strongly 
heated  by  a  chafing-dish  placed  under  them,  that  the  wo* 
man  employed  in  this  labour  is  sometimes  obliged  to  take 
them  up  with  a  clodi,  in  order  that  she  may  not  bum  her 
hands.  As  soon  as  they  have  acquired  that  heat,  they 
are  put  into  the  jars  in  layers  with  the  husks.  Each  jar  is 
Aen  closed  with  a  covering  of  straw,  and  left  to  oxydate. 
This  period  is  called  coiiUy  to  hatch.  Thirty  or  forty 
pounds  of  copper,  moi:e  or  less  according  to  the  thickness 
of  the  plates,  are  put  into  each  jar.  At  the  end  of  ten, 
twelve,  fifteen,  or  twenty  days,  the  jar  is  opened ;  and  if 
the  husks  are  white,  it  is  time  to  take  out  the  plates.  The 
crystals  are  then  seen  detached,  and  of  a  silky  appearance 
en  the  surface.  The  husks  are  thrown  back,  and  the 
l^tes  are  put  in  what  is  called  relau    ¥ot  that  purpose 
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they  are  immediately  deposited  in  a  comer  of  the  cellar 
on  sticks  ra;  ged  on  the  floor.  They  are  placed  in  an  up- 
right  position,  one  leaning  against  the  other ;  and  at  the 
end  of  two  or  three  days  they  are  moistened,  by  taking 
them  up  in  handfuls  and  immersing  them  in  water  la 
earthen  pans.  They  are  deposited  quite  wet  in  their  for- 
mer i)Osition,  and  left  there  for  seven  or  eight  days ;  after 
which  they  are  once  or  twice  immersed  again.  This  im- 
mersion and  drying  are  renewed  six  or  eight  times,  every 
seven  or  eight  days.  As  the  plates  formerly  were  put  in- 
to wine,  these  immersions  were  called  one  Tvine^  two  tvinesj 
three  winesy  according  to  the  number  of  times.  By  this 
process  the  plates  swell  up,  the  green  is  nourished,  and  a 
coat  of  verdigris  is  formed  on  all  their  surfaces,  wluch 
may  be  easily  detached  by  scraping  them  with  a  knife. 

Each  jar  furnishes  five  or  six  pounds  of  verdigris  at 
each  operation.  It  is  then  called  fresh  verdigris,  moist 
verdigris,  &c.  This  verdigris  is  sold  in  that  state  by  the 
manufacturers  to  people  who  dry  it  for  foreign  exporta- 
tion. In  this  first  state  it  is  only  a  paste,  which  is  care- 
fully pounded  in  large  wooden  troughs,  and  then  put  into 
bags  of  white  leatlier,  a  foot  in  height  and  ten  inches  in 
diameter.  These  bags  are  exposed  to  the  air  or  the  sun, 
and  are  left  in  that  state  till  the  verdigris  has  acquired  the 
proper  degree  of  dryness.  By  this  operation  it  decreases 
about  fifty  per  cent,  more  or  less  according  to  its  primi- 
tive state.  It  is  said  to  stand  proof  by  die  knife,  when  the 
point  of  that  instrument  pushed  against  a  cake  of  veixligris 
through  the  skin  cannot  penetrate  it. 

The  plates  of  copper  which  have  been  already  used 
are  again  employed  for  the  same  operation,  till  they  are 
almost  completely  consumed.  Instead  of  heating  them 
artificially,  as  above  menticmed,  they  are  sometimes  ex- 
posed only  to  the  sun.  The  same  plates  will  serve  some- 
times for  ten  years,  but  they  are  often  worn  out  in  two  qr 
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dvree.  This,  however,  depends  on  the  qualiQr  of  the  cop. 
per.  That  which  is  extremely  smooth,  well  beat,  and 
voy  compact,  is  always  most  esteemed. 

Formerly  mobt  verdigris  could  not  be  sold  till  its  qua* 
by  had  been  previously  ascertained ;  and  for  that  purpose 
it  was  carried  to  a  public  ware-house,  where  it  was  sold 
after  that  point  had  been  determmed. 

By  comparing  diis  process  with  that  described  by  Mon* 
let,  it  will  be  found  that  the  changes  introduced  are  much 
in  &vour  of  the  new.  Formerly  the  workmen  took  the 
stalks  of  the  grapes  dried  in  the  sun,  and  began  by  im- 
merang  them  for  eight  days  in  vinasse  (the  residuum  of 
iie  distillatbn  of  wine  for  making  brandy).  They  then 
luflbred  the  moisture  to  drain  off  through  a  basket,  after 
which  they  put  about  four  pounds  into  a  jar,  and  poured 
9ver  them  three  or  four  pints  of  wine.  The  stalks  were 
made  to  imbibe  a  large  pordon  of  the  wine,  by  stirring 
them  strongly  with  the  hand ;  the  jar  was  then  covered, 
Mdd  the  stalks  were  suffered  to  ferment.  The  fermenta- 
tion commenced  sooner  or  later,  according  to  the  nature 
af  the  wine  and  the  temperature  of  the  air.  But  after  it 
had  once  begun,  the  wine  became  turbid,  and  exhaled  a 
strong  odour  of  vmegar.  At  length  the  heat  decreased, 
and  the  stalks  were  then  taken  out  and  the  wine  was 
dmwn  off.  When  the  stalks  were  a  little  drained,  they 
were  disposed  in  layers  with  the  plates  of  copper,  and  the 
operation  was  continued  in  the  same  manner  as  with  the 
husks.  When  the  plates  were  taken  from  the  jars  to  be 
put  in  relai^  instead  of  immersing  them  in  pure  water,  as 
is  done  at  present,  they  were  moistened  three  or  four 
times  with  sour  wine,  which  was  called  ^ving  them  three 
orfinir  wines. 

It  may  be  easily  seen  that  there  is  a  great  saving  in  the 
process  followed  at  present,  since  the  manufacturers  no 
longer  use  wine,  which  enhanced  the  price  of  the  verdigris. 
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Some  have  condemned,  in  the  new  process,  the  pr^cdcfi; 
of  using  the  copper  too  soon ;  but  this  objection  fell  to 
the  ground,  when  it  was  observed  that  the  verdigris  ob- 
tained was  in  proportion  to  the  copper  corroded ;  and 
what  proves  that  this  method  is  more  advantageous,  is, 
that  all  the  manufacturers  have  abandcHied  the  old  method 
and  adopted  the  new.  *  [4/A  P/nl.  Mag.  71. 

V     Preparation  of  Crystallized  Acetite  of  Copper:  Crys- 

talli  veneris. 

This  is  called  in  the  colour  shops  distilled  verdigris. 
Chaptal  has  given  the  process  as  follows : 

Cr)'stals  of  Venus  were  for  a  long  time  manufactured 
in  Holland,  but  at  present  they  are  manufactured  at  Mont- 
pellier,  with  a  degree  of  perfection  which  renders  them 
preferable  to  those  of  any  other  country.  The  process 
most  generally  employed  consists  in  dissolving  verdigris 
in  vinegar,  and  evaporating  the  solution  to  a  pellicle  to 
obtain  the  crystals.  The  vinegar  used  is  nothing  dse 
than  sour  vinasse  (spoilt  wine)  distilled.  In  every  manu- 
factory there  is  therefore  an  alembic,  in  which  this  weak 
kind  of  vinegar  is  continually  distilled. 

This  distilled  vinegar  is  put  into  a  ketde,  where  it  is 
boiled  t)n  the  verdigris.  After  saturation  the  solution  is 
kft  to  clarify,  and  then  poured  into  another  ketde  of  ccqp- 
per,  where  it  is  evaporated  to  a  pellicle.  Sticks  are  then 
immersed  into  it,  and  by  means  of  some  pack-thread  ait 
tied  to  wooden  bars  which  rest  on  the  edge  of  the  ketde. 
These  sticks  are  about  a  foot  long,  and  are  split  cross- 
wise nearly  two  inches  at  the  end,  so  that  they  open  into 
four  branches,  kept  at  about  the  distance  of  an  inch  from 
each  other  by  small  pegs.     The  crystals  adhere  to  these 

•  There  arc  no  large  manufactories  of  verdigris  at  Montpd- 
lier ;  but  each  family  makes  a  certain  quantity,  and  the  operatiooa 
arc  in  general  performed  by  women. 
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idcs^  and  cover  tliem  entirely,  forming  themselves  into 
roups  or  clusters,  which  present  on  all  sides  perfect 
lombs  of  a  very  lively  dark  blue  colour.  Each  cluster 
eiglis  finom  five  to  six  pounds.  These  crystals,  when 
noken,  exhibit  on  their  firacture  a  brilliant  agreeable  green, 
tclining  a  little  to  blue^ 

Three  pounds  of  moist  verdigris  are  necessary  to  make 
pound  of  cr}'stals.  The  indissolved  residuum  is  re- 
eled ab  Ub  less.  Analysis,  however^  having  proved  to 
le  that  a  grc  ii  deal  of  copper  in  a  metallic  state,  ot  weak* 
oxydated,  still  exists  in  it,  I  disposed  boards  in  the 
rm  of  a  stage  around  the  manufactcny  of  C.  Durand, 
id,  forming  strata  of  about  two  inches  in  thickness  with 
lese  remains,  I  soon  saw  them  covered  with  an  eiSor-' 
x:ence  of  verdigris^  I  took  care  to  moisten  them  firom 
me  to  time  with  vinegar,  to  dissolve  the  verdigris  as  soon 
\  a  sufficiently  strong  efflorescence  was  formed,  and  they 
Tcre  again  disposed  in  strata  to  proceed  as  before,  in  or- 
er  that  I  might  derive  as  much  advantage  fcoia  the  resi- 
mim  as  t  should  find  convenient. 

There  are  some  manufactories  of  the  drystals   of 

ITenus  where  the  verdigris  is  prepared  by  means  of  vine- 

pr  distilled  accord&ig  to  the  method  followed  at  Gitno- 

>lc,  which  is  well  understood*     All  the  operations  tend  to 

he  same  end,  which  is  the  solution  of  the  copper  in  the 

icetous  acid  ;  and  the  purity  of  the  materials  renders  it 

xitain  that  there  will  be  no  residuum  or  loss.    But  hbw- 

•vcr  dmple  may  be  the  process  for  manufacturing  ays- 

kaDized  verdigris,  the  high  price  at  which  it  b  sold  makes 

it  much  to  be  wished  that  it  could  still  be  rendered  more 

10.     I  made  some  experiments  for  that  purpose  ;  but  at 

present  I  shall  confine  myself  to  a  short  view  of  my  re- 

salts.     We  must  set  outfix)m  the  principle,  that  the 

acetous  acid  does  not  attack  copper  in  the  state  of  a  me* 

tal,  and  that  it  cannot  eifect  a  solution  of  it  but  when  le^ 

r 
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daced  to  an  oxyd.    The  question  then  will  be  to  disco- 
ver the  means  of  oxydating  it  in  an  economical  manner. 

1st,  I  exposed  the  plates  of  copper  to  the  gazeous  ema> 
nations  of  the  oxygenated  muriatic  agid  in  large  glass  re< 
ceivers,  connected  together  in  the  manner  of  ackqptois^ 
to  which  I  fitted  a  retort  from  which  the  acid  was  disen- 
gaged. 

2d,  I  took  a  large  earthen  jar  of  Provence,  well  glazed, 
capable  of  contaming  two  hundred  (French)  pints  of  wa- 
ter, buried  it  one  half  in  a  stratum  of  very  warm  dung  in 
full  decomposition,  and  having  put  some  manganese  in 
the  bottom  of  it,  and  adapted  to  it  a  straight  glass  tube, 
which  reached  from  the  mouth  to  the  bottom,  I  filled  the 
jar  with  plates  of  copper  slightly  roHed,  in  cxder  that  they 
might  not  touch  each  other  but  in  some  points.  I  then 
nade  to  paaainto  the  bottom  of  the  jar,  by  means  of  the 
tube,  the  necessary  <]uantity  of  the  muriatic  acid,  and 
immediately  closed  the  upper  aperture  widi  a  hited  gov- 
/erbg.  Two  days  after  these  plates  were  entirely  crusted 
over  with  a  greenish  oxyd,  which  detached  itself  in  dust 
and  in  scales ;  I  separated  of  it  two  pounds  ten  ounces. 
This  oxyd,  less  lively  than  that  of  the  common  verdigris,  is 
soluble  in  vinegar :  and  this  method  mfay  then  be  employ ed, 
wth  some  advantage,  to  form  the  acet^  of  copper ;  but  it 
cannot  supply  the  place  of  the  acetous  verdigris  either 
in  pwiting  or  dyeing. 

Sd,  I  fijnaed  sulphat  of  capper  by  pouring,  upon  plates 
of  copper  brought  to  a  red  heat  in  a  crucible,  about  a 
ithird  in  weight  of  pounded  sulphur.  This  sulphur,  ex- 
ceedbgly  friable,  pulverised  and  exposed  to  a  pretty  vio* 
lent  heat  for  four  or  five  hours,  left  a  grey  powder,  easily 
attacked  by  the  acetous  acid.  That  which  I  digested  A 
«  heat  above  a  gende  temperature,  gave,  by  evaporation,  a 
'  consideraUe  quantity  of  very  blue  and  beautifiil  crystals 
of  acetat  of  cofqier,  and  a  stratum  of  true  sulphat  of  cop- 
per  ofapak  blue  and  without  crystals^ 
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4th,  I  saturated  distilled  acetous  acid  with  oxygenated 
muxiatic  acid  gas.  This  acid,  digested  cold  on  the  copper^ 
disMlved  it  in  part ;  but  it  formed  a  beautiful  micaceous 
saij  white,  which  had  no  relation  with  the  acetat.  Cog* 
per  exposed  to  die  vapour  of  this  acetous  acid,  saturated 
irith  oxygenated  muriatic  acid  gas,  becomes  covered  wid^ 
Toy  brilliant  small  crystals  of  a  bright-blue  colour,  some 
of  irtiich  are  transparent  and  white.  These  crystals  pre-* 
KQted  long  square  pyramids,  effloresced  in  the  air,  and 
bd  none  of  the  characters  of  the  acetat  of  copper. 

5th,  The  acetous  acid,  distilled  several  times  on  die 
Qxyd  of  manganese,  attacks  copper  and  dissolves  it,  but 
too  weakly  and  in  too  small  quanti^  for  me  to  lecom^ 
mend  thb  method. 

6di,  The  acetite  of  lead  poured  upon  a  soluticxi  of  the 
SQ^ihat  of  copper  immediately  produces  a  decomposkion 
from  wluch  there  results  sulphat  of  lead,  which  precipi* 
tales  itself  in  a  little  time ;  and  acetat  ofcopper,  which  re- 
lemains  in  solution.  By  decanting  the  latter,  and  eva* 
ponting  it  to  a  pellicle  in  a  copper  ketde,  you  will  ob- 
tsm  beaudful  crystals  of  Venus.  If  you  wash  well  the 
solphat  of  lead,  and  prepare  it  to  be  employed  in  paint* 
ir^,  as  wUtelead,  diis  last  process  may  become veiyad- 
vantageous. 

Crystallized  verdigris  is  in  great  request  fiur  paintings 
and  varnishing,  to  which  it  supplies  lively  and  durable 
colours.  Chemists  obtain  from  it  by  distiOation  diat  acid,^ 
the  smell  of  which  is  very  penetrating,  called  radical  vine'- 
gar^  and  also  acetite  acid."^  PhUos.  Mag.  171. 


Preparatiwi  of  acetic  add  or  radical  vinegar.  This 
used  to  be  prepared  in  large  quantities  for  sale,  as  an  an* 
tiaeptic,  and  aromatic,  as  well  as  a  cephalic  medickie,  (to 
be  smelt  at)  by  Mr.  Henry,  father  to  Dr.  William  Heniy^ 
af  Manchester.    I  do  not  know,  therefore,  that  any  beU 
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ter  account  can  be  given  of  its  preparation  than  Dr. 
Henry's  own.  For  my  own  part,  I  strongly  suspect  that 
in  the  large  way,  common  strong  vinegar  is  saturated  with 
whiting :  filtaed,  reduced  to  a  dry  mass,  and  distilled 
with  vitriolic  acid.  The  retort  will  contain  sulphat  of 
lime.  The  vinegar  must  be  re-distilled  with  a  moderate 
heat. 

"  Wlien  this  salt,  acetite  of  ix>tass  is  distilled,  with  half 
its  weight  of  sulphuric  acid,  the  vegetable  acid  is  expel- 
led in  a  very  concentrated  form,  mixed  with  sulphurous 
acid.  Digestion  with  a  small  portion  of  mai^anese,  and 
subsequent  distillation,  aSbrds  it  pure.  It  may  be  ob- 
tained, also,  by  distilling  equal  parts  of  acetate  of  lead  and 
sulphat  of  copper.     Or 

The  crystallized  acetate  of  copper,  contained  in  a  glass 
retort,  which  may  be  nearly  filled  with  the  salt,  may  be 
submitted  to  distillation  in  a  sand-Iieat.  The  acid  that 
comes  over  has  a  green  colour,  and  requires  to  be  recti- 
fied by  a  second  distillation.  Its  specific  gravity  then  va- 
ries from  1056  to  1080.  If  the  products  be  reserved  in 
separate  portions,  it  has  been  observed  by  M.  M.  De- 
rosne,  that  those  which  are  obtained  towards  the  close, 
though  specifically  lighter  than  the  earlier  ones,  are  still 
more  powerfully  acid,  assuming,  as  the  test  of  their 
strength,  the  quantity  of  alkali  which  they  are  capable  of 
saturating.  The  last  products,  it  was  found  also,  when 
submitted  to  distillation,  yield  a  liquid  which  has  even  less 
specific  gravity  than  water.  This  liquid  may  be  obtain- 
ed, in  a  still  more  perfect  state,  by  saturating  the  latter 
portions  of  acetic  acid  with  caustic  and  solid  potash ;  the 
acetate  of  potash  precipitates ;  and  a  fluid  swims  above 
it,  which  may  be  rectified  by  distillation  at  a  gentle  beat. 
It  is  pcrfixdy  limpid  ;  has  a  penetrating  taste ;  is  tighter 
than  alcohol ;  evaporates  rapidly  with  tiie  production  of 
cold  when  poured  upon  the  hand ;  and  is  highly  inflam- 
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mable.  It  does  not  redden  litmus.  Excepting  that  it  is 
miscible,  in  any  proportion,  with  water,  it  has  all  the  qua- 
lities  of  ether,  and  like  that  fluid  has  the  power  of  decom- 
posing the  nitromuriate  of  gold.  M.  M.  Derosne  have 
proposed  for  it  the  name  of  pyro- acetic  ether.  Its  pro- 
duction, they  observe,  is  confined  to  the  latter  stages  in 
die  distillation  of  acetate  of  copper,  and  is  owing,  tiiey 
suppose,  not  to  any  modification  of  alcohol,  but  to  chang- 
es in  the  arrangement  of  the  elements  of  the  salt. 

These  observations  are  confirmed  by  the  subsequent 
ones  of  M.  Mollerat.  Examining  two  portions  of  acetic 
acid,  which  had  precisely  the  same  specific  gravity  {viz*^ 
1063),  he  found  that  the  one  contained  87  per  cent,  of  real 
acid,  and  the  other  only  41.  The  first  he  is  disposed  to 
consider  as  the  strongest  acetic  acid  that  can  be  procured. 
It  may  be  distilled  at  a  very  moderate  heat  with  great  ra- 
I»£ty,  and  without  entering  into  ebullition.  To  tliis  acid, 
having  the  specific  gravity  1063  (and  of  which  100  grains 
required  for  saturation  250  of  sub-carbonate  of  soda),  he 
gradually  added  water,  and  found,  though  water  is  lighter 
than  the  acid,  yet  that  the  density  of  the  mixture  increas- 
ed till  it  became  1079.  From  this  point,  the  additions  of 
water  occasioned  a  regular  diminution  of  specific  gravity. 
Mr,  phenevix  has  since  observed  the  same  anomally,  in 
the  acid  produced  from  acetate  of  silver. 

Acetic  acid,  thus  prepared,  has  several  remarkable  pro- 
perties. Its  smell  b  extremely  pungent,  and  it  raises  a 
Mister  when  applied  to  the  skin  for  a  sufficient  length  of 
time.  When  heated  in  a  silver  spoon  over  a  lamp,  its  va- 
pour may  be  set  on  fire.  At  the  temperature  of  about 
38o  Fahrenheit  it  becomes  solid  and  shoots  into  beautiful 
crystals,  which  again  liquefy  at  40^.  It  appears  not  to 
be  easily  destructible  by  heat ;  for  Mr.  Chenevix  trans- 
mitted it  five  times  through  a  red-hot  porcelain  tube,  with 
tbe  dkcX  of  only  a  partial  decomposition." 
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Scheele^s  Green:  Arseniat  of  Copper,  Dissolve b 
45  parts  of  boiling  water,  2  pounds  by  weight  of  pound- 
ed blue  vitriol  or  sulphat  of  copper.  In  10  parts  bjr 
weight  of  boiling  water  dissolve  2  parts  of  potash  and  I 
1-2  part  of  white  arsenic,  boiling  it,  till  the  latter  is  dis- 
solved.  Then  make  up  the  liquor  45  parts  by  adding 
boiling  water  (taking  a  wine  pint  as  16  ounces).  Add 
the  first  solution  while  hot,  gradually  to  the  last.  A  pee- 
cipitate  will  fall  down  of  a  fine  green  colour,  which  is  arse- 
niat of  copper.  Wash  it  well  and  dry  it.  It  is  a  good 
pigment  both  as  an  oil  and  water  colour. 

If  you  want  it  diluted,  add  to  your  solution  of  blue 
Vitriol  one  part  or  more,  by  weight  of  alum,  in  wUch  case 
you  must  encrease  your  potash  one  half  part  fi^r  each  part 
of  alum. 

This  is  the  common  green  used  by  the  paper  stainers* 

Brunsrwick  green.  Thb  is  said  to  be  made  by  strati- 
fying shavings  of  copper  with  ground  argd  or  tartar  made 
into  a  paste,  which  I  have  no  doubt  would  produce  a 
good  colour.  But  M*  Kastelyn's  receipt  b  as  follows : 
Dissolve  three  parts  by  weight  of  sal  ammoniac  in  water : 
put  into  a  close  or  covered  vessel  two  parts  by  weight  of 
copper  shavings,  sprinkle  them  firom  time  to  time  with 
the  solution  of  sal  ammoniac.  The  green  colour  pro- 
duced ^ill  \veigh  six  parts. 

Ferditery  is  made  in  three  ot  four  ways.  1st,  By  pre- 
cipitating copper  from  a  solution  of  blue  vitriol  or  sulphat 
of  copper,  by  means  of  a  clear  solution  of  pearl  or  pol- 
ish. About  half  a  part  of  potash  by  weight,  or  3  iburdis 
6f  a  part  of  pearl  ash,  will  throw  down  the  cop- 
per of  one  part  of  blue  vitriol.  This  will  form  a  carbo* 
nat  of  copper,  or  an  imitation  of  verdigris  equally  good  b. 
all  particulars. 

2dly,  By  precipitating  a  solution  of  blue  vitriol  witb 
wUting,  in  which  case^  the  copper  thrown  down  b  dibit- 


d  and  enfeebled  in  colour  by  the  addition  of  sulphat  of 
Bme,  formed  by  the  union  of  the  lime  of  the  whiting  to 
(be  sulphuric  acid  of  the  blue  vitriol.  This  is  what  b 
caDod  Sanders'  blue :   a  corruption  I  jHresume  of  cendres 

IL 

Sdly,  When  the  refiners  dissolve  together  in  aqua  fcntis 
anuxture  of  copper  and  silver,  they  separate  the  silver  by 
adding  a  scdution  of  common  salt ;  the  acid  of  commc»i 
aik  unites  with  the  silver,  and  the  alkali  of  commcm  salt 
miles  with  that  portion  of  the  aqua  fortis  which  held  the 
shrer  in  solution.  The  liquor  now  contains  nitrat  of  cop- 
per and  nitrat  of  soda.  The  copper  may  be  thrown  down, 
ddier  by  a  solution  of  pearl  or  potash,  or  by  whiting!^ 
In  this  latter  case,  the  whiting  does  not  mix  with  and  con- 
taminate the  colour  of  the  precipitate,  as  the  nitrat  of  lime 
ii  soluble  in  water. 

precipitates  when  washed,  form  the  various 
of  green  and  blue  Verditer,  used  by  the  paper 


In  all  these  cases,  the  precipitate  b  a  carbonat  of  cop- 
per :  diffiarent  shades  may  also  be  procured,  by  using 
pure  Ume,  and  pure  or  caustic  potash.  (Soap  boiler's 
Ley.) 

iUir  HaichetVs  brown  prussiat  of  copper. 

On  the  utility  of  Prussiat  of  Copper  as  a  pigmait.    By 

Charles  Hatchett,  Esq.  F.  R.  S. 

The  accidental  discovery  made  by  Diesbach  of  the 
foment  called  Berlin  or  Prussian  blue,  about  the  year 
1710,  and  which  afterwards  was  published  by  Woodward 
in  the  Philosophical  Transactions  for  1724,  was  soon 
adopted  by  artists  and  manufacturers,  so  that  in  a  short 
time  the  great  utility  of  this  colour  was  completely  estab- 
liabed :  it  b  therefore  remarkable,  that  but  litde  attention 
has  been  subsequendy  paid  to  the  colorific  properties  of 
Ae  odier  metallic  prussiates. 
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The  experiments  made  by  Mr.  Brown  with  tlie  pnissic 
lixivium  on  various  metallic  solutions  do  not  merit  parti- 
cular attention,  as  the  results  evidently  show  that  a  very 
large  proportion  of  the  alkali  remained  unsaturated  with 
prussic  acid,  and  thus  the  effects  appeared  different  when 
the  lixivium  was  prepared  with  blood  or  with  muscle* 

Bergman  has,  however,  more  accurately  observed  the 
properties  of  metallic  precipitates,  (Opuscula^  torn*  iL  p. 
385),  and  especially  notices  the  various  colours  of  the 
prussiates ;    but  neither  he  nor  any  other  chemist,  as  fiar 
as  i  am  acquainted,  has  pointed  out  to  artists  the  utility 
of  prussiat  of  copper  as  a  pigment.     During  some  late  ex- 
pioriments,  I  was  much  struck  with  the  beauty  of  this 
precipitate,  and  was  therefore  induced  to  make  several 
trials  of  it  as  a  paint :  the  results  exceeded  my  most  san- 
guine expectations.     I  afterwards  prepared  a  large  quan- 
tity, which  at  my  request  several  gentlemen  (particularly 
B.  West,  Esq.  P.  R.  A.,  John  Trumbull,  Esq.,  and  Sir 
H.  C.  Englefield,)  were  so  obliging  as  to  try  in  oil,  and  in 
water ;  and  I  have  had  the  satisfaction  to  learn,  that  in 
beauty  and  intensity  it  surpasses  every  brown  paint  now 
in  use,  with  the  additional  advantage,  that,  by  reason  of 
its  purple  tint,  it  forms  with  white  various  shades  of  Uoom 
or  lilac  colour,  which  do  not  appear  liable  to  fade  like 
those  which  are  formed  by  means  of  lake. 

The  prussiates  obtained  from  acetite,  sulphate,  nitrate, 
and  muriate  of  copper,  are  all  very  beautiful ;  but  the 
finest  and  deepest  colour  is  afforded  by  the  muriate.  I 
have  found  also  that  prussiate  of  lime  can  be  better  de« 
pended  upon  for  this  purpose  than  prussiate  of  pdtash. 
The  best  mode,  therefore,  of  forming  this  pigment,  is  to 
take  green  muriate  of  copper,  diluted  with  about  ten  parts 
of  distilled  or  rain  water,  and  to  pour  in  prussiate  of  lime 
until  the  whole  is  precipitated :  the  prussiate  of  copper  is 
then  to  be  well  washed  with  cold  water  on  the  filter,  and 
to  be  dried  without  heat. — 14  PW*  Mag.  359. 
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This  colour  seems  to  me  to  have  been  first  pointed  out 
by  Dr.  Bancroft  in  page  217  of  his  experimental  research- 
es on  permanent  colours,  first  edition. 

Of  the  Albys  of  Copper.  Brass.  Orichalchum.  The 
orichalchum  of  the  ancients,  was  of  three  kinds:  the  moun-f 
tm  copper  mentioned  by  Hesiod*  The  Corinthian  brass^ 
amixture  of  various  metals  from  the  melting  together  of 
the  statues,  at  the  taking  of  Corinth.  Lastly,  Brass,  made 
by  fusing  copper  with  cadmia  or  calamine.  That,  latter- 
ly, Ae  orichalchum  of  the  ancients  was  brass,  is  sufficient- 
ly made  out  by  the  Bishop  of  Landafi*  in  his  treatise  on 
cridaJchum  in  the  second  volume  of  the  Manchester 
Transactions,  and  in  his  Essays,  vol.  4.  Hb  account  of 
the  modem  process  for  making  brass  is  as  follows : 

The  method  of  making  ordinary  brass  I  will  now  de- 
scribe. 

Copper  in  tiiin  plates,  or,  which  is  better,  copper  re-* 
duoed  (by  being  poured,  when  melted,  into  water)  into 
grains  of  the  size  of  large  shot  b  mixed  with  calamine  and 
charcoal,  both  in  powder,  and  exposed  in  a  melting  pot 
fir  several  hours  to  a  fire  not  quite  strong  enough  to  melt 
dK  copper,  but  sufficient  for  uniting  the  metallic  earth  of 
the  calamine  to  the  phlogiston  of  the  coal ;  this  umon 
finns  a  metallic  substance,  which  penetrates  the  copper 
contiguous  to  it,  changing  its  colour  fi-om  red  to  yellow, 
and  augmenting  its  weight  in  a  great  proportion.  The 
greater  the  surface  of  a  definite  weight  of  copper,  the  more 
space  has  the  metallic  vapour  of  the  calamine  to  attach 
itself  to;  and  this  is  the  reason  that  the  copper  is  granulat- 
ed, and  tliat  it  is  kept  from  melting  and  running  into  a 
nuss  at  the  bottom  of  the  vessel,  till  near  the  end  of  the 
operation,  when  tlie  heat  is  increased  for  that  purpose. 

The  German  brass- makers,  in  the  time  of  Erckerrty 
uaed  to  mix  64  pounds  of  small  pieces  of  copper  with  45 
pounds  of  calamine  and  charcoal,  and  from  this  mixture 
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they  generally  obtained  90  pounds  of  brass.*  Cramer  re- 
commends  3  parts  of  powdered  calamine  to  be  mixed 
ivith  an  equal  weight  of  charcoal  dust  and  t\vo  parts  of 
copper,  and  says,  that  the  brass  obtained  by  the  process 
exceeds  the  weight  of  the  copper  by  a  fourth,  or  even  a 
third  part  of  its  weight,  f    At  most  of  our  English  brass- 
works  they  use  45  pounds  of  copper  to  60  pounds  of  ca- 
lamine for  making  ingot  brass,  and  they  seldom  obtain 
less  than  sixty  or  more  tlian  seventy  pounds  of  brass ;  at    ' 
Holywell  they  reckon  the  medium  product  to  be  68  :  and 
Iience  a  ton  of  copper,  by  this  operation,  becomes  rather    i 
more  than  a  ton  and  an  half  of  brass.     This  is  a  larger  in-    ^ 
crease  of  weight  in  the  coi>per,  than  is  obser\'ed  in  any  of 
the  foreign  manufactories  tliat  I  have  ever  read  of,  and  it 
may  be  attributed  to  two  causes,  to  the  superior  excd-  * 
lence  of  our  calamine,  and  to  our  using  granulated  cop- 
per.    Posdethwaytc,  inliis  Commercial  Dictionary,  at- 
tributes the  difference  in  the  increase  of  weight  acquired 
by  the  brass  to  the  different  natures  of  the  coppers  which 
are  used,  "  there  is  an  increase  of  48  or  50  pounds  in  an  J 
hundred,  if  copper  of  Hungary  or  Sweden  be  used ;  that  I 

of  Norway  yields  but  38,  and  that  of  Italy  but  20."  When 
they  make  brass  which  is  to  be  cast  into  plates,  fixm*  ' 
which  pans  and  kettles  are  to  be  made,  and  wire  is  to  be 
drawn,  they  use  calamine  of  the  finest  sort,  and  in  a  great- 
er proportion  than  when  common  brass  is  made,  general- 
ly 56  pounds  of  calamuie  to  34  of  copper.  Old  brass 
which  has  been  frequently  exposed  to  tlie  action  of  fire, 
when  mixed  with  the  copper  and  calamine  in  the  making 
of  brass,  renders  tlie  brass  far  more  ductile  and  fitter  for 
the  making  of  fine  wire  than  it  would  be  without  it ;  but 
the  German  brass,  particularly  that  made  at  Nuremberg, 

•  Fleta  Minor,  by  Sir  J.  Pettus,  P.  286.    Newman  gives  the 
same  proportions,  P.  65. 
t  Cram.  Ars  Doc.  Vol.  II.  p.  246. 
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[len  drawn  into  wire,  said  to  be  preferable  to  any 
in  England  for  musical  instruments.  If  this  pre* 
e  be  real,  it  will  cease  to  exist  as  soon  as  any  inge- 
man  shall  undertake  to  examine  the  subject,  for  our 
ials  for  making  brass  are  as  good  as  any  in  the 
•  The  quantity  of  charcoal  which  is  used,  is  not 
me  at  all  works,  it  is  generally  about  a  fourth  part  of 
»ghtof  the  calamine ;  an  excess  of  charcoal  can  be 
ed  with  no  other  inconvenience  than  that  of  useless- 
ing  up  the  pots  in  which  the  brass  is  made ;  but 
^xed  pitcoal,  which  is  used-  at  some  works  in  con- 
cm  with,^  or  in  the  place  df  charcoal,  gready  injures 
alleability  of  the  brass.  As  to  black  jack,  the  other 
zinc,  it  is  not  so  commonly  used  as  calamine  for 
iking  of  brass.  The  manufacturers  have  been  some- 
eapricious  in  their  sentiments  concerning  it,  some 
refered  it  to  calamine,  and  others  have  wholly  nc- 
d  it ;.  and  the  same  persons  at  different  times  have 
great  use  of  it^  or  entirely  laid  it  aside.  There  must 
jeen  some  uncertainty  in  the  produce  or  goodness 
ss  made  by  this  mineral,  to  have  occasioned  such 
nt  opinions  concerning  it,  and  this  uncertainty  may 
[iroceeded  either  from  the  variable  qualities  of  the 
b1  itself,  or  from  the  unskilfulness  cdf  the  operators 
aning,  &c.  a  mineral  to  which  they  had  not  been 
accustomed.  Several  ship  loads  of  it  were  sent  a 
airs  ago  from  Cornwall  to  Bristol,  at  the  price  of  40 
gs  down  to  a  moidore  a  ton.*  Upon  the  whole, 
rer,  experience  has  not  brought  it  into  reputation  at 
J.  [4  TFats.  £ss.  48—54. 

.  Aikins'  article  which  is  fuller,  is  as  follows. 
Is  very  imporUint  alloy  is  a  mixture  of  copper  and 
in  various    proportions,  so  intimately   united  as 
m  a  homogeneous  malleable  ycUow  metal,  appli- 

♦  Miner.  Comu.  p.  47. 
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cable  to  a  vast  variety  of  purposes  and  capable  of  being 
lirought  with  the  greatest  facility. 

It  is  not  easy  to  obtain  a  perfect  union  of  zinc  and  cop- 
per by  mere  fusion  in  open  vessels,  for  at  a  heat  less  than 
is  required  to  melt  the  copper,  the  zinc  readily  takes  fire 
suf^d  much  of  it  bums  off  before  it  has  time  to  mix  with 
the  other  metals,  so  that  the  proportion  of  zinc  is  con- 
stantly lessening  by  vbladlization.  Even  after  both  me- 
tals are  fused,  the  zinc  continues  to  bum  off  in  uncovered 
vessels,  and  at  last  scait^ely  any  thing  but  copper  would 
be  left.  In  order  therefore  to  combine  copper  most  inti- 
j  mately  with  zinc,  and  yet  to  preserve  its  malleability, 
the  ingenious  process  of  cementation  has  been  resorted  to 
in  the  manufacture  of  brass,  which  is  perfcxmed  by  heat- 
ing in  a  covered  pot  alternate  layers  of  copper  in  small 
pieces,  with  zinc  ore  and  charcoal,  and  continuing  the  fire 
dll  the  copper  is  thoroughly  impregnated  with  the  zinc. 

Zinc  being  a  volatile  metal  can  only  be  procured  bom 
its  ores  by  sublimation ;  the  process  for  obtaining  it 
(which  will  be  described  more  at  lengdi  under  that  article) 
being  to  heat  strongly  a  mixture  of  its  ofe  with  charcoal 
in  a  vessel  closed  on  all  sides,  except  where  it  admits  a 
tube,  the  lower  end  of  which  dips  in  water :  as  soon  as 
the  charcoal  reduces  the  oxyd,  the  metal  rises  in  vapour 
through  the  tube  and  condenses  in  the  water  below.  A 
similar  reduction  takes  place  in  brass-making,  only  the 
vapour  of  the  zinc  instead  of  bemg  conveyed  out  of  the 
crucible  in  which  it  is  formed,  unites  with  the  copper  en- 
closed in  die  same  vessel,  and  the  whole  melts  down  into 
brass.  A  less  heat  is  required  in  brass-making  than  that 
which  fuses  copper,  the  zinc  being  able  to  penetrate  the 
copper  when  thoroughly  red  hot,  and  melting  it  down  as 
soon  as  it  becomes  brass. 

Brass  is  manufactured  in  many  countries,  but  no  where 
more  extensively  and  better  than  in  England,  where 
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bodi  the  materials  are  in  great  abundance.  The  ores  of 
zinc  are  several  species  of  calamine  and  of  bletide,  called 
by  the  miners  Black- Jack^  wliich  are  found  abundantly  in 
Devonshire,  Derbyshire,  and  North- Wales,  generally  ac- 
companying lead  ores.  These  arc  chiefly  oxyds  or  car- 
bonated oxyds  of  zinc,  and  require  a  previous  calcination 
befare  they  are  fit  for  brass- making.  Blende  is  a  sul- 
phuiet. 

At  Holywell,  in  Flintshire,  the  calamine  which  is  re- 
odved  raw  from  the  mines  in  the  neighbourhood,  is  first 
pounded  in  a  stamping  mill,  and  then  waslied  and  sifted 
in  Older  to  separate  the  lead,  with  which  it  is  largely  ad- 
mixed. It  b  then  calcined  on  a  broad  sliallow  brick 
hearth,  over  an  oven  heated  to  redness,  and  frequently  stir- 
red for  some  hours.  In  some  places  a  conical  pile  is  com- 
posed of  horizontal  layers  of  calamine  alternating  with 
layers  c^  charcoal,  the  whole  resting  on  a  layer  of  wood  in 
hfge  pieces,  with  sufficient  intervals  for  the  draught  of  air. 
Il  b  then  kindled,  and  the  stack  continues  to  bum  till  the 
calamine  b  thoroughly  calcined.  The  calamine  thus  pre- 
pared b  then  ground  in  amill,  and  at  the  same  time  mix- 
ed iNOth  about  a  third  or  a  fourth  part  of  charcoal,  and  is 
then  ready  for  the  brass-furnace.  In  some  places  pit-coal 
b  ground  with  the  calamine  instead  of  charcoal,  but  this 
b  fixmd  to  injure  the  malleability  of  die  brass  obtained. 

The  brass-fumace  *  has  the  form  of  the  frustum  of  a 
hollow  cone,  or  a  cone  widi  d)e  apex  cut  oflf  horizontally. 
At  the  bottom  of  the  furnace  is  a  circular  grate  or  i)erfo- 
rated  iron  plate,  coated  with  clay  and  horse-dung,  to  de- 
fend it  firom  the  action  of  die  fire.  The  crucibles  stand 
upon  the  circular  plate,  forming  a  circular  row  with  one 
in  the  middle.  The  fuel,  which  in  England  is  coal,  is 
thrown  round  die  crucibles,  being  let  down  tlirough  the 

•  Keirin  a  note  to  the  article  Bra99  in  Macqucr's  Chem.  Diet. 
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upper  opening  or  smaller  end  of  the  cone :  over  this  <^)en- 
ing  is  a  perforated  cover  made  of  fire-bricks  and  clay,  and 
kept  togedier  with  bars  of  iron  so  as  to  fit  closely.  This 
cover  serves  to  regulate  the  heat  in  the  following  manner : 
the  draught  of  air  is  formed  through  an  under-ground 
vault  to  the  ash-hole,  thence  through  the  grate  and  round 
the  crucibles,  and  through  the  smaller  upper  opening  into 
an  area  where  the  workmen  stand,  ^^ch  is  covered  by  a 
large  dome  and  a  chimney  to  convey  the  smoke  into  the 
outer  air.  When  the  draught  is  the  strongest,  and  the 
heat  b  required  of  the  greatest  intensity,  the  cover  is  en- 
tirely removed  and  the  flame  then  draws  through  the  up- 
per opening  of  the  furnace  to  a  considerable  height  into 
the  outer  brick  dome ;  when  the  heat  is  to  be  lessened  die 
cover  b  put  on,  which  intercepts  more  or  less  c^  the 
draught  from  tlie  furnace,  as  more  or  fewer  of  the  holes 
of  the  cover  are  left  unstopped. 

The  crucibles  are  charged  with  the  mixed  nal^minf 
and  charcoal,  tc^ether  with  copper  clippings  and  refuse 
bits  of  various  kinds,  and  sometimes  brass  clippings  also^ 
most  of  which  are  previously  melted  and  run  into  a  small 
sunk  cistern  of  water  through  a  kind  of  cullender,  which 
divides  the  metal  into  globules,  like  shot.  Powdered 
charcoal  is  put  over  all,  and  the  crucibles  are  then  cover- 
ed and  luted  up  with  a  mixture  of  clay  or  loam  and  horse- 
dung. 

The  time  required  for  heating  die  crucibles  and  com- 
pleating  the  process  varies  considerably  in  different  works, 
being  determined  by  custom,  by  the  quantity  of  materials, 
the  size  of  the  crucibles,  and  especially  the  nature  of  the 
calamine.  In  the  great  way  from  ten  to  twenty -four  hours 
are  required.  Af  Holywell,  m  Flintshire,  about  twenty- 
four  hours  arc  taken. 

During  the  process,  and  esj^ecially  towards  the  latter 
end,  part  of  the  reduced  zinc  which  escapes  absorptioQ  by 
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the  copper,  finds  its  way  in  vapour  through  the  luting  df 
the  crucible-lids,  and  bums  around  them  with  the  beauti- 
ful bhie  flame  and  dense  white  smoke  peculiar  to  this 
metal.     Of  course,  this  is  so  much  wasted. 

The  heat  required  for  brass- making  is  somewjhat  less 
than  what  would  be  necessary  to  melt  large  masses  of 
cof^ier,  brass  being  the  more  fusible  of  the  two,  and,  as  it 
should  seem,  the  vapour  of  zinc  being  able  to  penetrate 
copper  as  soon  as  it  is  softened  by  a  full  red  heat.  When 
the  brass  b  judged  to  be  complete,  and  the  saturation  of 
the  copper  with  zinc  to  be  as  high  as  possible,  the  heat  is 
increased  to  mqlt  jAe  whole  down  into  one  clean  mass  at 
the  bottom,  'j|||^f0|Eibles  arc  taken  out  and  the  metal 
poured  into  moulds.  At  Holywell,  out  of  the  six  cruci- 
bles used  to  one  furnace,  the  quantity  of  brass  obtained  is 
about  as  much  as  Avould  fiH  oile  of  them.  This  makes 
in  subsequent  manufacture'a  single  large  plate,  which  is 
manufiictured  in  the  same  Avay  as  copper  plate.  Or,  more 
accuratdy,  ftom  forty  pounds  of  copper  and  sixty  pounds 
of  calamine,  about  sixty  pounds  of  brass  are  obtained,  be- 
ades  the  loss  of  a  good  deal  of  zinc  by  the  unavoidable 
escape  of  much  of  it  in  form  of  vapour  through  the  pores 
of  the  lute  or  the  crucible-covers. 

Tlie  above  is  the  usual  process  of  brass-making  in 
this  country,  and  is  essentially  the  same  wherever  this  al- 
loy is  manufactured  ;  but  with  some  variation  as  to  the 
choice  of  ingredients,  their  proportions,  tlie  time  of  fusioij, 
the  shape  of  the  furnace  and  other  smaller  circumstances. 

At  Goslar,  in  Saxony,  where  brass  is  largely  made,  the 
zinc  is  fum'ished  not  by  a  native  calamine,  but  tlie  cadmia 
or  sublimed  oxyd  of  zinc,  which -is  collected  for  this  pur- 
jxise  in  a  particular  part  of  the  chimnies  of  the  reverbera- 
J^ry  furnaces  in  which  tlie  Saxon  lead  ores  and  blendes 
are  roasted. 

A  great  variety  obtains  in  the  respective  proportions  of 
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the  ingredientis.  According  to  Swedenborg*  they  arc, 
in  Goslar,  30  parts  of  copper,  40  to  45  cf  cadmia,  and 
twice  the  volume  of  charcoal ;  at  Paris,  and  in  many  <^ 
the  French  manufactories,  they  are,  35  of  copper,  35  of 
old  brass,  40  of  calamine,  and  20  to  25  of  charcoal ;  in 
Sweden,  30  of  copper,  20  to  30  of  old  brass,  and  46  of 
calamine,  with  cliarcoal  sufficient ;  or,  40  of  copper,  30 
of  old  brass,  and  60  ofcalamine ;  and  in  England,  gene- 
rally about  40  of  copper  and  60  of  calamine.  The  pro- 
duct of  brass  varies  also,  but  it  seems  to  be  in  few 
places  so  great  as  in  some  of  the  English  works,  where, 
as  already  mentioned,  40  pounds  of  copper  become  in  the 
process  60  pounds  of  brass.  This  Superior  quantity  is 
ascribed  partly  to  the  goodness  of  the  calamine  and  pardy 
to  the  smallness  to  which  the  copper  is  previously  re« 
duced  by  being  poured  melted  into  cold  water,  and  thus 
aflfording  a  great  surface  of  metal  to  the  action  of  the  zinc 
vapour. 

At  Stolberg,t  near  Aix-la-Chapelle,  where  brass  is 
very  largely  manufactured,  the  furnaces  are  cylindrical, 
and  each  contains  eight  crucibles  arranged  in  two  tiers  of 
four  each.  These  crucibles  are  fifteen  inches  high,  twelve 
inches  deep,  and  eight  or  nine  inches  wide.  The  propor- 
tions of  ingredients  are  40  lbs.  of  copper,  65  lbs.  of  cala- 
mine, and  double  its  volume  of  charcoal.  After  the  fire 
has  been  kept  up  for  twelve  hours,  the  crucibles  are  un- 
covered, and  a  workman  takes  oflf  with  an  iron  trowel  all 
I- 

{he  scum  and  charcoal  which  swim  upon  the  liquid  metal, 
and  which  is  called  arkest.  When  examined  with  a  glass, 
diis  is  found  to  consist  of  calamine  and  copper  particles, 
coliering  together  but  not  completely  united.  The  brass 
resulting  from  this  first  process  is  coarse,  britde,  and  un- 
equal in  texture,  and  requires  a  second  fusion  before  it 

*  Macquer's  Dictionary.  t  Repertory,  vol.  xiv. 


fl  fit  for  Use.  For  this  purpose  the  saittfe  Crucibles  alt 
igain  employed  and  are  filled,  first  with  three  handfuls  of 
the  mixture  of  calamine  and  charcoal^  over  which  are  put 
two  0^  three  pounds  of  the  impure  brass  broken  in  piecesi 
hen  more  calamine  and  charcoal,  withalump  of  the  itr- 
testy  and  over  all,  calamine  and  charcoal  powder*  Thfe 
crucible  is  then  strongly  heated  for  two  hours,  after  which 
the  brass  is  fit  to  be  cast  into  {^tes^  which  is  done  here  ill 
Ak  fi^owing  manner. 

A  mould  is  formed  of  two  blocks  of  granite^  five  feet 
long,  three  and  a  half  broad,  and  eight  inches  thick.  Hiey 
ire  placed  one  above  the  other,  the  upper  one  being  only 
moveable,  and  furnished  with  a  tackle  and  puUies  for  that 
purpose^  and  before  casting,  the  surface  b  smeared  with 
oow.dung»  l^o  give  the  plate  the  requisite  thickness, 
boops  of  iron  of  difierent  dimensions  are  adapted  to  the 
under  stone,  so  as  to  confine  a  determinate  quantiQr  of 
melted  metal.  The  stones  are  then  gently  inclined  and 
die  melted  brass  let  in  between  them*  These  plates  are 
ifterwards  laminated :  some  of  them  are  cut  into  slips  by 
strong  shears,  for  the  further  piu'pose  of  being  drawn  into 
wire,  and  otherwise  manufactured  in  Various  Ways* 

A  sii^  process,  where  the  fire  is  kept  up  long  enough 
and  the  mateiials  are  good,  is  certainly  sufficient  to  make 
good  malleable  brass,  but  it  is  probable  that  the  excel- 
lence and  beauty  of  the  article  are  improved  by  mak* 
inig  it  undergo  a  second  cementation  with  firesh  calamine  x 
and  charcoals 

In  the  laboratory  brass  may  be  made  very  well  in  the 
small  way  in  a  much  shorter  time.  Put  into  a  crucible  a 
mixture  of  calamine  and  charcoal,  bury  it  in  the  requisite 
proportion  of  copper  shot,  cover  the  whole  with  charcoal 
powder,  lute  on  a  cover  to  the  crucible,  and  heat  slowly 
ui  a  wind-furnace  for  half  an  hour,  till  the  zinc  beg^  to 
bam  off  in  a  blue  flame  round  the  top  of  the  crucible^ 
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then  raise  the  fire  and  heat  briskly  for  half  an  hour  long* 
cr. 

This  process  of  cementation  is  also  neatly  sheim  by  the 
following  management,  as  given  by  Cramer.  Put  the 
mixture  of  calamine  tod  charcoal  into  a  crucible,  cover  it 
with  a  thin  layer  of  clay,  over  Avhich  when  dry  lay  a  thin 
plate  of  copper,  cover  the  whole  with  fine  charcoal  pow- 
der, and  lute  on  a  cover  to  tlie  crucible.  Apply  hsai  gra- 
dually, and  the  vapour  of  tiie  reduced  zinc  will  rise 
•through  the  floor  of  clay,  penetrate  the  red-hot  copper 
{>Iate  above  it,  and  gradually  convert  it  into  brass^  which 
at  Ae  end  of  the  operation  will  be  found  lying  melted  on 
the  stratum  of  clay»  The  increase  of  weight  gsuned  by 
the  copper  in  this  operation  will  afford  a  good  practical 
test  of  the  goodness  of  the  calamine,  aifd  its  fitness  for 
brass-making  in  the  great  way. 

The  most  important  properties  (rf  brass  compared  with 
copper  are  the  following  :  the  colour  of  brass  is  much 
brighter,  and  more  approaching  to  that  of  gold;  it  is 
more  fusible  than  copper ;  less  subject  to  rust  and  to  be 
acted  on  by  the  vast  variety  of  substances  which  corrode 
copper  with  so  much  ease ;  and  it  is  equally  malleable 
when  cold,  and  more  extensible  than  either  copper  or  iron^ 
«nd  hence  is  well  fitted  for  fine  wire.  Brass  however  is 
only  malleable  when  cold.  Hammering  is  found  to  give 
a  magnetic  property  to  brass,  perhaps  however  only  aris- 
^  ing  firom  the  minute  particles  of  iron  beaten  off  the  ham- 
mer during  the  process  and  forced  into  the  surface  of  the 
brass,  but  this  circumstance  makes  it  necessary  to  em- 
ploy unhammered  brass  for  compass-boxes  and  similar 
apparatus.* 

The  expansion  of  brass  has  been  very  accurately  de- 
termined, as  this  metal  is  most  commonly  used  for  ma- 
thematical and  astronomical  instruments,  where  the  ut- 

*  The  brass  contains  iron.    T.  C. 
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most  precision  is  requiral.  Mr.  Smeaton  found  that  12 
inches  in  length  of  cast  brass,  at  32^,  expanded  by  180 
degrees  of  heat  (or  the  interval  from  freezing  to  boilii^ 
water)  225  ten  thousandth  parts  of  an  incli.  Brass  wire 
under  the  same  circumstances  expanded  232  parts  ;  an 
alloy  of  16  of  brass  with  1  of  tin  expanded  22^)  parts. 
The  expansion  of  hammered  copper  is  only  204  such- 
ports,  but  that  of  zinc  is  2:3,  so  that  brass  holds  a  mid« 
die  place,  in  this  respect,  between  its  two  component 
metals. 

Most  of  the  zinc  readily  bums  off  from  brass  when  kept 
melted  in  a  strong  heat  with  free  access  of  air.  When  the 
heat  is  equal  to  that  of  melted  copixrr,  the  zinc  takes  fire 
and  slowly  burns  away.  At  last  little  else  but  copper  re- 
mains, but  still  united  wid>  a  small  portion  of  zinc,  which 
lo  further  continuance  of  the  fire  will  entirely  separate. 

Some  kinds  of  very  fine  brass  are  said  not  be  made  by 
cementation  in  the  way  already  described,  but  by  a  more 
speedy  and  direct  union  of  copper  and  zinc,  care  being 
taken  to  prevent  the  access  of  air  to  the  materials  while  in 
fusicxi.  Very  fine  brass  may  also  be  made  by  mixing  to- 
gether the  oxyds  of  copi^er  and  zinc,  and  reducing  them 
ivhh  a  carbonaceous  flu  x .  This  idea  is  ingenious,  and 
from  ti '£  intimate  mixture  of  the  two  metals  which  it  pro- 
nuses,  it  deserves  to  be  further  pursued.  M.  Sage,  gi^es 
die  fbllowingexperimenttothis  purpose.  Mix  together 50 
grahis  of  the  oxyd  of  copper,  remaining  after  the  distilla* 
don  of  verdigris  (which  is  very  pure)  with  100  grains  of 
bpis  calminaris,  400  grains  of  black  flux,  and  30  grains 
of  charcoal  powder ;  melt  the  mixture  in  a  crucible  till 
die  blue  flame  is  seen  no  longer  round  the  lid  of  d>e  eruci- 
ble,  and  when  cold  a  fine  button  of  brass  is  found  beneath 
the  scoria,  weighing  a  sixth  more  than  the  copper  alone, 
obtainable  from  its  oxyd  in  the  same  way  but  without 
the  calamine.  This  brasshas  a  very  fine  colour  like  gold* 
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On  this  experiment  M.  Sage  observes  that  there  v^ 
pears  to  be  a  point  of  mutual  saturation  between  the  two 
metals,  which  is  when  the  copper  retains  one-sixth  of 
zinCy  and  this  pcnrtion  it  will  retain  however  long  it  is  heat* 
ed,  provided  the  surface  of  the  melted  metal  be  covered 
to  protect  the  zinc  from  the  action  of  the  air ;  but  if  die 
brass  contains  a  greater  proportion  of  zinc,  precisely  this 
excess  i/nU  escape,  even  in  covered  vessels,  and  will  burn 
when  it  comes  out  to  the  air.  The  same  chemist  also  ob- 
serves that  the  colour  is  the  finest  at  the  above  propoiiion. 
These  experiments  seem  to  require  further  confirmation ; 
but  at  present  we  may  reckon  that  to  be  the  most  perfect 
brass  which  is  composed  o!  about  14«28  per  cent,  of  zinc 
and  85.7;^  of  copper,  and  which  is  not  liable  to  any  alter* 
lltion  in  Its  constituent  parts  by  successive  (x  long  con- 
tinued ftisions,  provided  the  access  of  air  be  prevented. 

The  mafysis  of  brass  has  been  attempted  in  various 
irays,  and  several  processes  have  been  given  of  diffiarenfc 
merit. 

Brass  may  be  to  a  certain  degree  analysed  by  ^mj^y 
being  kept  in  fusion  at  a  high  heat  with  finee  access  of  air. 
The  zinc  readily  bums,  and  by  &r  the  greater  part  of  it 
escapes,  and  when  the  blue  flame  of  the  metal  ceases  the 
analyst  is  supposed  to  be  complete,  the  loss  of  weight  on 
th^  remaining  metal  indicating  the  quantity  of  zmc  But 
this  is  inaccurate  firom  two  causes ;  first,  that  a  portion  of 
zinQ  always  remains  in  the  copper  however  long  the  heat 
be  continued,  and  secondly  that  part  of  the  copper  oxy- 
dates  in  the  process,  and  thereby  gains  an  inorease  oC 
weight.  Both  these  circumstances  therefore  contribute 
to  indicate  a  smaller  proportion  of  zinc  than  is  really  the 
case, 

A  simple  solution  of  brass  in  the  sulphuric  acid  and 
subsequent  cr3rstallization  has  also  been  recommended, 
on  the  idea  that  the  crystals  of  sulplu^t  of  zinc  could  readi* 
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If  be  obtained  separate  from  those  of  the  sulphat  of  cop- 
per. But  though  this  separation  takes  place  to  a  con^« 
dcnble  degree  it  is  not  complete,  for  at  the  last  the  crys- 
tals of  each  sah  are  somewhat  alloyed  with  the  other,  and 
Aetraubk  of  picking  out  the  crystab  when  very  small  is 
extreme. 

M.  Dize*  proposes  the  folloiiidng  methods,  1.  Dis- 
solve the  brass  in  nitric  acid,  which  takes  up  the  copper 
and  zinc  and  leaves  any  tin  with  which  it  is  often  alloy^. 
Decompose  the  clear  nitrated  solution  by  potash,  redis- 
aohre  die  pfecipitate  in  sulphuric  acid,  and  add  a  piece  of 
dean  bright  iron  to  the  solution,  previously  diluted  with 
air  times  as  much  water.  The  cq)per  is  by  this  means 
|iecq»tated  m  a  metallic  state,  and  the  solution  now 
holds  sulphat  of  iron  and  sulphat  of  zinc.  Add  gallic  acid, 
which  will  slowly  separate  the  irrni  and  leave  the  zinc. 
Lasdy,  decompose  the  sulphat  of  zinc  by  a  carbonated 
alkafiy  and  estimate  the  quantity  of  zinc  contained  in  the 
cartxmated  oxyd  of  zinc  thus  obtwied,  by  proportions 
ivUch  will  be  presentiy  mentioned.  The  above  method 
is  useful,  but  the  separation  of  the  iron  by  die  acid  of 
gaDs  is  exces^vely  tedious. 

2.  Dissolve  the  brass  in  nitric  acid.  Dilute  with  ^x 
pvts  (rf*  water,  and  immerse  in  the  solution  a  cylinder  of 
bi^^  dean  lead.  The  copper  speedily  separates  in  the 
mebdlic  form  round  the  lead,  which  last  takes  its  place  in 
Ae  solution.  As  this  process  advances,  the  liquor  loses 
its  blue  cdour,  and  when  all  the  copper  is  separated  it  is 
sKg^y  yellow.  To  be  certain  that  no  copper  rem£uns  in 
die  solution,  add  a  fresh  clean  piece  of  lead  and  boil  for 
some  time.  The  liquor  now  contains  nitrat  of  lead  and 
wtrat  of  zinc.     Sulphuric  acid  will  now  precipitate  the 

Jour,  de  Phys.  torn.  48. 
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lead  in  the  form  of  an  insoluble  sulphat,  and  the  nitrated 
zinc  may  then  be  decomposed  by  a  carbonated  alkali. 

On  this  precipitation  however  there  are  several  things 
to  be  observed.  Copper,  as  Vauquelin  remarks,*  when 
dissolving  in  nitric  acid  absorbs  nearly  —^  of  its  wdgbt 
of  oxygen,  but  lead  under  the  same  circumstance  absorbs 
only  -7^.  Hence  one  hundred  parts  of  copper  dissolved 
in  nitric  acid  would  require  for  their  disoxygenation  (a 
process  which  takes  place  whenever  a  metallic  oxyd  in 
solution  is  precipitated  by  the  immersion  of  another  metal 
in  its  metallic  state)  full  250  parts  of  lead,  which  last  is  of 
course  oxydated  in  proportion  as  the  copper  is  precipi- 
tated in  the  metallic  form.  But  this  large  quantity  of 
oxyd  of  lead  cannot  be  held  in  solution  by  the  nitric  acid» 
except  tlus  is  largely  in  excess,  and  this  explains  the  rea- 
son of  the  appearance  of  a  portion  of  oxyd  of  lead  (as  M. 
Dize  has  observed)  which  forms  at  the  latter  end  of  the 
process  and  mixes  with  the  newly  precipitated  metallic 
copper,  so  as  to  require  a  subsequent  operation  to  sepa- 
rate them.  Nor  will  an  excess  of  nitric  acid  ensure  the 
purity  of  the  precipitated  copper,  for  it  happens  here,  as  is 
now  found  to  take  place  in  very  many  of  the  reguline  me- 
tallic precipitates,  that  the  newly-separated  metal  is  not 
pure,  but  largely  alloyed  with  the  metal  added  as  a  pre- 
cipitant. Therefore  the  loose  flocculent  metal  w*hich  ionoB 
around  the  piece  of  lead  is  not  pure  copper,  though  it  has 
a  perfect  cupreous  appearance,  but  is  copper  largely  al- 
loyed Avith  Iciid.  Vauquelin  found  that  if  50  grains  of 
pure  copper  are  dissolved  in  an  excess  of  nitric  acid,  and 
then  entirely  precipitated  by  metallic  lead,  of  which  about 
220  grains  are  required,  the  cupreous  precipitate  now 
weighs  138  grains  instead  of  the  original  50,  and  therefoie 
is  not  pure  copper  but  an  alloy  of  50  parts  of  copper  widi 

*  An.  Chim.  torn.  28. 
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S8  parts  of  lead.    This  method  therefore  of  analy^mg 
bvass  cannot  be  depended  on,  unless  the  cupreous  preci- 
pitate be  afterwards  separately  treated  to  separate  the  lead, 
nrhich  would  render  the  analysis  very  complicated. 
The  following  methods  are  given  by  Vauquelin. 

3.  Dissolve  a  known  weight  of  brass  in  nitric  acid;  put 
k  into  a  well  closed  bottle  and  add  caustic  potash  to  ex- 
cess, so  that  there  shall  be  a  very  sensible  alkaline  taste 
in  the  liquor,  shake  the  mixture  well,  and  keep  it  some 
dme  in  ^gestion.  By  thb  process  the  oxyds  of  copper 
and  zinc  are  first  both  precipitated  by  the  alkali,  and  af« 
tenrards  the  zinc  alone  redissolved  in  the  excess  (^potash, 
so  that  the  clear  solution  is  oxyd  of  zinc  in  potash,  and 
the  sediment  left  undissolved  is  the  oxyd  of  copper.  This 
oxyd  is  brown  and  nearly  of  the  colour  of  metallic  cop? 
per,  but  when  thoroughly  washed  and  gendy  dried,  it 
only  contains  65  per  cent,  of  the  metal.  If  a  previous  as- 
say has  shewn  that  the  specimen  of  brass  contained  only 
Dopper  and  zinc,  when  the  weight  of  the  former  is  kno>vn, 
that  of  the  other  may  readily  be  inferred ;  or  else,  the  al- 
kaline solution  of  zinc  may  be  supersaturated  with  sul- 
phuric acid,  so  as  fu^t  to  precipitate  and  aftcnvards  to  re- 
dissolve  the  metal,  Avhen  the  sulphuric  solution  may  be 
decomposed  by  a  carbonated  alkali.  A  very  trifling 
quanti^  of  copper  passes  into  the  alkaline  solution  of  zinc^ 
occasioned  by  the  action  of  a  small  quantity  of  ammonia, 
generated  by  the  nitrated  metals  when  caustic  alkali  is 
added  to  them.  If  necessary  this  might  be  again  sepa- 
rated by  a  heat  cautiously  kept  below  boiling,  which 
would  expel  tlie  ammonia,  the  cause  of  this  error,  but  if 
brought  fully  to  boil  some  of  the  zinc  would  separate 
from  the  alkali  and  cause  a  much  greater  error  than  be- 
fiore. 

4.  Dissolve  brass  in  sulphuric  acid,  dilute  with  twenty 
times  as  much  water,  and  immerse  a  stick  of  zinc  exact- 
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Vf  weiglied.  The  copper  soon  completely  precipitates 
the  metallic  form,  aiid  requires  only  to  be  well  ivashej 
and  weighed.  The  solution  now  contains  only  the  zinc 
of  the  brass,  together  with  the  zinc  lost  from  the  piece 
immersed  to  precipitate  the  copper.  By  weighing  the 
remainder  of  the  stick  of  zinc,  and  jM-ecipitating  the  whole 
by  carbonated  potasli  or  soda,  an  easy  calculation  nill  de- 
termine how  much  of  the  oxyd  of  zinc  is  derived  from  the 
iinc  contained  at  first  in  the  brass.  Or,  more  simply, 
this  may  be  inferred  from  the  copper  obtained,  and  the 
quantity  of  brass  originally  employed. 

It  remains  on  the  subject  of  analysis  to  give  tlie  con- 
stituent parts  of  carbonat  of  zinc.  M.  Dize  dissolved 
100  parts  of  zinc  in  nitric  acid,  precipitated  it  by  carbonate 
ed  soda,  and  this  product  well  washed  and  dried  now 
wdghed  180  parts.  Haice  100  parts  of  carbonat  of  zinc 
thus  prepared  would  indicate  55.5  of  metallic  zinc. 

On  the  other  hand  Vauquelin  found  that  carbonat  trf 
zinc  obtained  from  the  sulphat  by  carbonated  potash, 
■well  wasiicd,  and  calcined  in  a  crucible  to  expel  all  the 
carbonic  acid,  contained  69  per  cent,  of  metallic  zinc 
Hence  tlic  carbonat  obtained  by  Dize  must  have  been 
dried  at  a  low  temperature,  probably  tliat  of  boiling  ^va* 
ter,  and  from  either  of  the  above  data  the  proportion  of 
zinc  may  be  estimated  s  or  else  the  carbonated  oxyd 
may  be  mixed  with  about  a  fourdi  of  charcoal  and  strong- 
ly heated  in  an  earthen  retort  with  the  beak  dipping  in 
water,  by  which  the  zinc  \\W\  be  reduced  and  will  rise  in- 
to the  neck  of  the  retort,  or  partly  fall  into  the  water  be- 
yond. 

Analysis  shews  a  vast  variety  in  the  proportions  of  the 
difterent  species  of  brass  used  in  commerce.  In  general 
the  extremes  of  tlie  highest  and  lowest  proportions  of  zinc 
are  from  12  to  25  per  cent,  of  the  brass.  Even  \vith  .sO 
much  as  25  per  cent,  of  zinc,  brass,  if' well  manufactured, 


1 


»  perfectly  malleable,  though  zinc  itself  scarcely  pdds  to 
dK  hammer.     M.  Dize  analized  a  specimen  of  remarka- 
bly fine  brass  made  at  Geneva,  for  the  purpose  of  escape- 
ment wheels  and  the  nicer  parts  of  watch-making,  the  per- 
fect bars  of  which  bear  a  very  high  price.    This  metal 
unites  great  beauty  of  colour  to  a  very  superior  degree  of 
ductility*     It  was  found  to  consist  of  75  of  copper  with 
25  of  zinc,  and  probably  too  the  copper  was  Swedish  or 
some  of  the  finer  sorts.     The  common  brass  of  Paris 
seems  to  contain  about  13  per  cent*  of  zinc,  the  English 
probably  more* 

The  uses  of  brass  are  too  numerous  to  be  mentioned.' 
It  is  applicable  to  an  infinite  variety  of  purposes,  is  easily 
wrought  by  casting  and  hammering,  and  by  the  lathe,  its 
wire  b  eminendy  useful,  and  it  takes  a  high  and  very 
beautiful  polish*  The  appearance  of  brass  is  given  to  other 
metals  by  washing  them  with  a  yellow  lacquer  or  Var- 
nish, a  substitution  often  very  much  to  the  detriment  of 
die  manufiactured  article*  1  jOkiriy  166. 

In  1781  a  patent  was  granted  to  Mr*  James  Emerson 
Gsr  his  inventicm  of  making  brass  of  copper  and  zinc^ 
(q>iauter,  spelter  as  the  Germans  call  this  semi-metal). 

The  patentee  directs  the  spelter  to  be  melted  in  an  iron 
boiler,  then  passed  through  a  perforated  ladle,  and  placed 
aver  a  vessel  contiiining  water,  by  which  means  the  zinc 
frill  be  granulated.  Fifty-four  pounds  of  granulated  cop- 
per,  (copper  shot)  are  now  mixed  with  ten  pounds  of  ca- 
lamine calcined  and  pulverized^  and  about  one  bushel  of 
charcoal.  One  handful  of  this  mixture  is  then  put  into 
1  casting  pot,  and  then  three  pounds  of  the  granulated 
line,  upon  which  the  composition  before  specified  is  laid 
iU  the  vessel  is  filled.  Eight  similar  pots  are  to  be  sup- 
plied with  the  same  materials,  and  the  whole  must  be  sub- 
nitted  to  the  heat  of  a  furnace  for  12  hours,  when  the 
vooess  wiU  be  completed,  and  82  lbs*  of  brass  will  bt 
Vol.  hi.  M 
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procured,  which  he  says  wiU  be  of  a  verjrsupencr  qualitf 
to  that  procured  from  copper  and  calamine  alone. 

Thb  procesB  like  most  other  patent  specifications^  ft- 
^ires  explanation* 

1.  It  is  evident  that  ^  pots  must  be  furnished  ifitk 
«>vers  oth^-wise  the  zinc  wiH  sublime  and  be  wasted. 

2.  The  degree  of  heat  b  not  mentioned,  whedier  i3at 
copper  should  be  quickly  melted  or  not,  which  in  the 
common  process  for  making  brass  does  not  take  place  t31 
fte  latter  end  of  the  process. 

3.  Much  must  depend  on  the  analysis  of  the  calamine 
Some  calamine  contains  lead,  all  contain  iron.  Calamine 
varies  in  its  contents  of  zinc  from  45  to  65  per  cent  Ac- 
cording to  Watson,  calamine  from  Poland  3rielded  out  of 
16  parts  2  parts  and  an  half  ^  fix)m  Breslaw  4  parts  and  at 
lialf :  fix)m  Hungary  2  parts  and  one-third :  English  ca* 
4amine  three  parts :  another  specimen  fix)m  Hofyweil  m 
Flint^iire  7  parts. 

I  copy  the  following  from  2  Jamison's  Mineralogf 
413.    Calamine  English. 

From  Ho|yw«U.  Derbyshire.  Somersetshire.  Wantockheiid. 
Ox.  of  zinc  65         65.2  64.8  66 

Ox.  of  iron    1  33 

Carb.acid    Jii        34.8  35.2 

Water  6 


100         100  100  100 

'  X3rerman  Calamines  from  Friboui^  36  oxyd  of  zinc, 
S2  silica,  12  water:  from  Bleyberg  iXA  oxyd  zinc,  13^ 
Carbonic  acid,  l.nl  water. 

Hence  according  to  the  analysis  <tf  Jamison  in  this  pro- 
cess of  Emerson's,  ten  pounds  of  calamine  may  be  sup- 
posed to  yield  six  poun^  and  a  third  of  zmc,  which  \^ 
three  of  granulated  zinc  for  each  pot  will  make  thJr^ 
pounds  and  one-third  of  zinc  to  fifty-four  of  o^per :  if 
the  produce  be  82ibs.  then  two  pounds  and  ooe-tiiM 
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viU  be  dis^pated.  This  is  a  very  large  proportion^  of 
xinCy  and  would  form  what  is  caUed  Prince  Rupert's  me* 
taL 

Tlie  (bUowing  observations  of  Bishop  Watson^  ar^ 
vutili  attention* 

The  calamine  of  Bohemia  contains  iron :  most  of  our 
EngjBah  calamine  contains  lead ;  and- there  are  some  sorts 
liiicb  contun  both  iron  and  lead,  and  other  metals  in  dif- 
ftreot  propordons :  these  sorts  can.  seldom  be  freed  From 
Ae  extraneous  metals^  and  hence,  in  the  ordinary  method 

i  rf making  brass,  they  will  be  mixed  with  it,  bt:ing  fusible 
in  die  degree  of  heat  usually  employed  in  making  brass. 
Onamer  iiienticms  a  very  ingenious  method  of  makijig 
bnsii  by  wluchy  if  it  should  be  thou^t  necessary  to  do  it, 
Ae  brass,  may  be  preserved  pure  from  these  heterogene- 
oos  mixtures^    He  orders  the  calamine  and  charcoal  to 

k  be  mixed  with  moistened  clay,  and  rammed  to  the  bot- 
fem  of  dK  meiling  pot,  and  the  copper  mixed  with  char-. 
coal  to.be  placed  upon  the  clay ;  then,  the  proper  degree 
of  heal  beii^  applied,  the  vapour  of  the  zinc  contained  in 
die  calamine  will  ascend  through  the  clay,  and  attach  itself 
to  die  oqpper,  but  the  iron,  or  lead  contained  in-.the  cala- 
mtne^  not  being,  volatile,  will  remain  in  the  clay,  and  the  * 
brass  when  the  whole  lis  melted  will  not  be  mixed  with 
diein,  but  rest  pure  on  the  surface  of  the  clay.  Mr.  John 
duanpion^  brother  to  himw>o  first  established  the  manu- 

i     bctory  of  zinc  at  Bristol,  is  a  very  ingenious  metallurgist^ . 
and  he  has  lately  obtained  a  patent  for  making  brass  by 
combining  zinc  in  vapour  with  heated  copper  pkttes^  and 
die  brass  b  said  to  be  very  fine ;  whether  the  process  he 

I    Uks  has  any  correspondence  with  tlus  mentioned  -by  Cra* 

\     Bier,  or  not,  hb  brass  will  certainly  be  free  from  the  mix- 
tore  of  lead,  &C.    Butthecare  to  purify  brass  fix>m  such 

(    BictaDic  mixtures  as  may  be  accidentally  contained  in  the 
tdsmiii^,  is,  or  is  not  necessary ,  acovdingto  thepuiposes^ 
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to  wluch  brass  is  applied.  These  mixtures  may  probabfy 
injure  ^  malleability  of  the  brass,  but  they  may  at  tbc 
same  time  increase  its  hardness,  or  render  it  susceptibleof 
a  better  polish,  or  give  it  a  particularity  of  colour,  or  sicmt 
other  quality  by  Avhich  it  may  be  more  useful  in  certain 
xnanu&ctories,  than  if  it  was  quite  free  from  them,  and 
<)pnsisted  of  nothing  but  of  the  purest  metallic  part  of  the 
calamine,  united  to  the  purest  copper.  This  may  be 
illustrated  from  what  is  observable  in  other  metals.  The 
iped  iron  ore  frt)m  Fumess  in  Lancashire  produces  an  iron, 
ivhich  is  as  toygh  as  Spanish  iron,  it  makes  very  fine  wire ; 
but  when  converted  into  bars,  it  is  not  esteemed  so  good 
as  that  which  is  made  in  the  forest  of  Dean,  and  other 
places.  There  are  but  few  sorts  of  iron  which,  though 
useful  in  other  rejects,  are  fit  for  being  converted  into 
steel :  some  sorts  of  iro^  will  admit  an  high  polish,  as  may 
be  seen  in  many  expensive  grates  which  are  sold  as  grates 
of  polished  steel>  though  they  are  notliing  but  iron,  whilst 
others  take  but  a  very  mdifferent  polish ;  the  SxveAA^ 
Russian,  md  English  irons,  and  even  the  irons  made  at  dif- 
ferent fumiK^es  in  the  same  country  are  respectively  fit  for 
some  purposes,  and  unfit  for  other;  he  who  should  attempt 
to  use  the  same  iron  for  the  making  of  wire,  and  for  coach 
and  waggon  wheels,  would  betray  great  ignorance  in  his 
))usiness.  In  like  inapner,  a  notable  difference  may  be  ob- 
served in  different  sorts  of  cpppcr,  yet  all  of  them  have 
their  respective  uses ;  the  Swedish  copper  is  more  mai- 
leable  thm  the  copper  of  Hungary ;  the  copper  of  Anglesea 
^fiers  fix)m  the  cppper  of  Cornwall  and  of  StafFoitlshire. 
Thejbraziers  prefer  that  qopper  which  they  can  work  with 
tlie  greatest  facility,  but  the  malleability  of  copper  should 
not  be  esteemed  the  only  criterion  of  its  goodness ;  for  the 
copper  which  is  less  malleable  may  admit  a  finer  pdisfa^ 
and  may  last  longer  when  exposed,  as  in  breweries,  in  the 
liavy,  ^c  to  the  action  of  the  fire,  than  the  copper 
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is  more  malleable.  This  has  been  proved  by  experiment 
Three  plates  of  copper,  equal  to  each  other  in  surface  and 
thickness,  were  exposed,  for  the  same  length  of  time,  to  a 
violent  fire,  with  a  view  of  seeing  which  would  best  sus- 
tun  its  action ;  one  plate  was  made  of  copper  which  had 
been  purified  by  a  chemical  process,  another  was  made 
of  copper  firom  Hungar}%  and  the  third  of  Swedish  cop- 
per. The  purified  copper,  when  freed  fix>m  the  calcined 
scales,  had  lost  5  grains  of  its  weight,  that  of  Hungary 
had  lost  eight,  and  that  of  Sweden  eleven  grains. 

[4  Watson  63 — 69. 

This  last  experiment  can  be  accounted  for,  inasmuch 
as  copper  is  less  oxydable  than  iron  or  lead  or  antimony, 
and  therefore  the  purer  it  is  the  less  apt  it  will  be  to  scde 
Ou.    T«  C 

Princess  Metal  (Prince  Rupert).  This  metal  was  pre- 
pared by  Admiral  Prince  Rupert,  in  1682.  Three  parts 
copper  being  melted  and  covered  with  charcoal,  one  part 
of  sine  is  added,  and  the  vessel  covered  close.  Or  8  parts 
fanas  being  melted,  one  part  of  zinc  is  added  with  char- 
coaly  and  the  vessel  covered. 

Pmekbeek.-^^This  is  a  redder  metal,  made  by  fusing 
one  part  of  brass  with  one  and  a  half  or  two  parts  of  cop- 
per. 

Tombac. — ^Three  and  a  half  of  copper  to  one  and  a 
half  of  brass. 

Or  de  Manheim.  Similor. — Marggraf  melted  pure  zinc 
and  pure  copper  together,  in  a  great  variety  of  proportions, 
and  he  found  that  eleven,  or  even  twelve  parts  of  copper 
bdng  mixed  with  one  part  of  zinc,  (by  putting  the  zinc 
into  the  copper  when  melted)  gave  a  most  beautiful  and 
1^  malleable  tombac  or  pinchbeck.  Mr.  Baume  gives 
die  following  process  for  making  a  metal,  wliich  he  says  is 
cdkd  Or  de  Manheimj  and  which  is  used  for  imitating 
gold  in  a  variety  of  toys,  and  also  on  lace. — ^Melt  an  ounce 
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and  an  half  of  copper,  add  to  it  three  drams  of  zinc,  covei 
instantly  the  mixture  with  charcoal  dust  to  prevent  the 
calcination  of  the  zinc ;  this  covering  of  the  melted  mass 
with  charcoal  is  certainly  servicrable  in  the  way  the  au- 
I  ihor  mentions  ;  and  it  is  on  a  similar  principle,  that  when 
they  melt  steel  at  Sheffield  they  keep  the  surface  of  It  co- 
verei  with  charcoal ;  but  I  think  it  probable  also,  that  the 
charcoal  contributes  to  exalt  the  golden  ccJcHir  of  ihc 
pinchbeck.  These  yellow  metals  are  seldom  so  mallea- 
ble as  brass,  on  account  of  the  zinc  which  is  used  in 
making  them  not  being  in  so  pure  a  state,  as  that  b  which 
is  combined  with  copper  ^vhen  brass  is  made ;  yet  it  ap- 
pears from  die  experiments  of  Marggraf  and  Baume  be 
fore  mentioned,  that  when  puie  zinc  and  pure  copper  are 
used  in  proper  proportions,  very  malleable  brass  may  be 
made  thCTeby,  Mr.  Emerson  has  a  patent  for  making 
brass  with  zinc  and  copper,  as  I  have  been  informed,  and 
his  brass  is  said  to  be  mwe  malleable,  more  beautiful, 
and  of  a  colour  more  resembUng  gold  than  ordinary  brass 
is.  It  is  quite  free  from  knots  or  hard  places,  arising 
from  iron,  to  which  otlier  brass  is  subject,  and  this  quality, 
as  it  respects  the  magnetic  needle,  renders  it  of  great  iin> 
portance  in  making  compasses.       [4  JVatson  45—48. 

The  las.t  observation  of  Bishop  Watsoi\  agrees  with  the 
experiments  of  M.  Cavallo,  who  found  itlmost  all  the  me- 
cimens  of  brass  he  tried,  to  be  magnetic.  The  great  in- 
convenience of  this  property,  when  the  case  of  the 
pass  is  brass,  is  obvious.    T.  C. 
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Mesure's  Metal.  Substitute  for  Gold. — Mr.  M( 
of  Craven-buildings,  Drury-tane,  having  been,  in 
quence  of  die  great  scarcity  and  exorbitant  price  of  gold, 
induced  to  turn  his  attention  to  the  discover)'  of  a  substi- 
tute for  that  metal,  has  at  length  announced  the  complete 
success  of  his  exertions.    The  metal  wliich  is  the 
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of  diem  approaching  nearer  to  the  qualities  of  gold,  ex- 
eepi  in  weight,  thanany  otheryet  dLscovered.  It  takes  a 
moat  beautiful  pdish,  is  less  liable  to  tarnish  or  to  be 
scntched  than  gold,  and  though  very  ductile,  it  is  capa- 
ble of  being  rendered  extremely  strong  and  elastic :  It  is 
peculiariy  adapted  for  watch  cases,  snuff  boxes,  and  all  the 
rarkty  oif  trinkets  for  which  gold  b  at  present  employed : 
Ak  inventor  supplies  the  unwrought  metal  at  a  very  rea* 
nnfale  rate.— 4  Cam.  Mag.  362. 

A  summary  of  these  alloys  of  copper  and  zinc,  and 
copper  and  tin,  is  given  by  Aiken  as  follows : 

Capper  wiih  Zinc.    Copper  nearly  saturated  with  zinc, 
that  is»  in  which  the  latter  makes  about  a  fourth  (more  or 
less)  of  Ae  nuxture,  forms  brassj  the  most  important  of 
aD  tbe  alloys  of  this  metal,  and  which  has  been  fully  dc- 
scribed  under  that  article.    With  a  much  less  proper- 
tioQ  of  zinc  the  colour  of  the  alloy  approaches  very  nearly 
to  Aat  of  goU,  and  the  malleability  increases.    Mixtures 
dSefly  of  these  two  metals  are  used  to  form  a  varie^  of 
yellow  or  gold-cdourcd  alloys,  known  by  the  names  of 
Tombac^  3ianheim  or  Dutch  Goldy  Tinsel j  Similar y  Prince 
Rttpert'^M  Metalj  Pinchbeck^  &c.  but  the  precise  compo- 
sitioa  varies  according  to  the  fancy  or  the  experience  of 
diflfanent  manufacturers.    The  Dutch  gold  may  be  beat- 
en out  into  extremely  fine  leaves,  which,  when  firesh,  have 
neariy  the  brilliance  of  gold-leaf,  and  are  used  as  a  cheap 
imitation  of  it,  but  they  tarnish  very  soon.    The  mixture 
may  be  made  either  by  directly  melting  copper  and  zinc, 
or  by  mixing  brass  and  copper.    In  either  case  the  cop- 
per should  be  mdtcd  first,  and  the  zinc  added  afterwards, 
the  whole  stirred  together  with  wood,  covering  it  with  a 
litde  charcoal,  and  poured  out  immediately,  to  prevent 
die  kss  by  the  burning  off  of  the  zinc. 

Several  direct  experiments  on  the  union  of  copper  and 

tine  in  different  proportions  were  made  by  MarggraH 
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In  all)  the  copper  was  the  purest  Japanese,  and  tbe  mix* 
ture  was  made  in  the  way  above  mentioned.  With  8 
drams  of  copper  and  as  much  zinc,  much  of  the  latter  un* 
avoidably  burnt  off  and  tlie  alloy  only  weighed  12  m. 
stead  of  16  drams,  tlie  mixture  was  liard,  britde,  yellow, 
and  of  a  radiated  texture.  VV  ith  16  drams  of  copper  and 
8  of  zinc,  the  loss  by  burning  was  only  one  sixdi  of  a 
dram.  The  alloy  was  softer  than  the  last,  still  radiated) 
yellow,  and  began  to  be  a  little  malleable.  From  this, 
successively  diminishing  the  proportions  of  zinc^  tlie  al- 
loy became  softer,  more  malleable,  and  of  a  colour  more 
and  more  approaching  to  gold  :  and  at  last,  with  11  cr 
12  of  copper  and  1  of  zinc,  the  finest  golden  tombac  was 
produced.  According  to  Wiegleb  the  Manheim  goU 
is  made  by  melting  separately  3  parts  of  copper  and  1  of 
zinc,  mixing  them,  covering  with  charcoal,  stirring  widi 
a  stick  and  cooling  immediately.  These  propcrcioiui 
scarcely  differ  from  those  of  some  kinds  of  brass.  Beaume 
g^ves  for  the  same  metal  4  of  copper  and  1  of  ziii^ 
whence  it  is  obvious  that  the  proportions  are  quite  arbi- 
trary, but  it  appears  that  the  alloy  is  not  made,  as  brass  b 
by  cementation,  but  by  simple  mixture  of  the  metab. 
A  very  small  quantity  of  tin  is  sometimes  employed,  but 
tlus  metal  has  the  disadvantage  of  iiemarkably  dimimsh- 
ing  the  malleability  of  copper  and  its  alloys.  A  fine  mal- 
leable tombac  b  made,  however,  with  16  df  copper,  1  of 
zmc,  and  1  oftm.  An  alloy  of  12  of  brass  and  1  of  tm 
is  scarcely  malleable. 

A  kind  of  tombac  is  the  material  of  which  a  large  pro- 
portion of  the  Roman  coins  was  composed.  Klaproth  on 
analyzing  several,  struck  during  the  first  centuiy  of  the 
emperors,  found  them  all  to  consist  either  of  pure  cof^ier, 
or  of  copper  and  zinc,  in  which  the  latter  metal  made  ge- 
nerally from  a  fifth  to  a  sixth  of  the  mass.    A  Ihtfe  tin 
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aid  kad  were  finind  in  soihe,  but  in  siidfi  siAsffl  propo^« 
tkm  as  to  appear  only  an  accidental  impurity. 

Copper  with  Tin. — ^The  alloys  of  copper  and  tin  are  ez« 
tmndy  important  in  die  arts,  and  curious  as  chemicd 
mixtures.  They  krta  in  diflferent  proportions  mixtures 
which  hafve  a  distinct  and  appn^viate  use.  Tin  added 
to  copper  makes  it  more  fusible,  much  less  liable  to  rust 
GT  corrosion  by  common  substances,  harder,  denser,  and 
DBore  sonorous.  In  these  respects  the  alloy  has  a  real  ad* 
raobige  over  unmixed  copper,  but  thb  is  in  many  cases 
more  than  counterbalanced  by  the  extreme  britdeness, 
sUcheven  a  moderate  portion  of  dn  imparts^  and  which 
B  a  singular  circumstance  considering  how  veiy  maUea«« 
ble  bodi  metals  are  before  mixture,  and  the  remarkable 
nfiness  and  dnctibty  of  tin. 

The  senile  qualities  of  the  different  mixtures  are  the 
bllowing.  Copper  alloyed  with  from  1  to  about  5  pet 
sent  of  tin  is  much  harder  than  before^  the  cobur  yellow 
vidi  a  cast  of  red,  and  the  fracture  granular.  It  is  s^ 
XBSiderably  malleable.  Tlus  ^ppesffsto  be  the  usual 
XMiiposition  of  many  of  the  very  ancient  c^per  tools  and 
neapoDs  before  the  common  use  of  inxi ;  whence  it  ap* 
sears  that  the  ancients  did  not  (as  has  often  been  sup- 
x)sed)  possess  any  peculiar  art  kA  hardening  pure  cofqper, 
idierwise  than  by  mixture.  It  iscertsun  that  the  quench- 
ing of  red  hot  copper  in  water  will  not  at  all  make  it  hardU 
7,  <»r  have  any  such  e&ct  as  it  has  upon  iron.  An  alloy 
In  which  the  tin  is  from  cxie-tenth  to  one-eighth  of  ths 
whole  is  hard»  brittle,  but  still  a  litde  maUeable,  dose- 
g»ined^  and  yellowish-white.  Where  the  tm  is  as  much 
as  one-sixth  of  the  mass,  it  is  now  entirely  brittle,  and 
continues  so  in  every  highar  proportion.  The  yellowness 
is  not  entirety  lost  till  the  tin  is  above  7-23ds  of  d;e  whole. 

Copper,  or  sometimes  copper  with  a  Utde  zinc,  alloyed 
with  as  much  tin  as  w  ill  make  from  about  one-tenth  to 
Vol.  III.  N 
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abont  one-fifth  of  the  whole,  forms  an  alloy  which  is  tbt 
principal,  and  often  the  only  composition,  for  bells,  brass 
cannon  (so  called)  bronze  statues,  and  several  smaller  pur- 
poses, and  hence  it  is  called  Bronze,  or  Bell-Metal  (always 
observing  that  there  is  no  pericct  uniformity  in  the  differ- 
ent  alloys  under  tliese  names,  either  in  the  proportion  ot 
the  actual  number  of  ingredients)  and  it  is  excellently  fit- 
ted for  these  purposes,  by  its  hardness,  density,  sonOTOUs- 
ness,  and  fusibility,  whereby  the  minute  parts  of  hollon 
tnoulds  may  be  readily  filled  before  it  fixes  in  coohng. 
For  cannon,  a  lower  portion  of  tin  seems  to  be  uscd- 
Acccffding  to  Dr.  Watson,  the  metal  used  at  Woolwich 
is  XOO  parts  of  doppd"  and  8  to  12  of  tin.  Hence  it  siiU 
retains  some  little  malleability,  and  of  course  is  touglia 
than  with  more  tin.  Bronze  cannon  are  much  less  liafcde 
to  rust  than  those  of  iron,  but  in  large  pieces  of  ordnance, 
by  very  rapid  firing  the  touch-hole  is  apt  to  melt  down 
and  spoil  the  piece  ;  of  ivhich  tiiere  is  a  remarkable  in- 
stance at  the  Tower  of  London  of  a  mortar  of  the  lat^esi 
calibre  thus  spoilt  at  the  siege  of  Namur.  On  account 
bf  the  sonorousness  of  bronze,  these  cannon  give  a  much 
sharper  repwt  than  those  of  iron,  which  for  a  time  impairs 
the  hearing  of  the  people  that  work  them.  A  common 
alloy  fM-  bell  metal  is  about  80  of  copper  to  20  of  tin ;  or 
where  Copper,  brass,  and  tin  are  used,  the  copper  is  from 
70  to  So  per  cent,  including  the  portion  contained  in  the 
brass,  and  tlie  remainder  is  tin  and  zinc.  Tlie  zmc  cer- 
tainly makes  it  mofe  sonorous.  Antimony  is  also  often 
found  in  small  quantity  in  bell-metal.  Some  of  the  finer 
kinds  used  for  small  articles  contain  also  a  little  sill 
which  much  improves  the  sound. 

When  the  tin  is  nearly  one-tliird  of  the  alloy  it  is  thoT 
most  beautifully  white,  with  a  lustre  almost  like  that  of 
mercury,  extremely  hard,  very  close-grained,  and  perfect- 
ly brittle.    In  ^is  state  it  takes  a  most  beautiful  polish, 
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and  is  admirably  fitted  for  die  reflection  of  light  for  all  op- 
tial  purposes.  It  is  then  called  speculum  metal,  which 
howCT-er,  for  the  extreme  perfection  required  in  modem 
astronomical  instruments,  is  better  mixed  wiUi  a  very 
small  proportion  of  other  metals  particularly  arsenic,  brass, 
sod  sil^-cr.  But  the  basis  of  these  compositions  is  cop- 
per  alloyed  with  nearly  lialf  its  weight  of  tin.  The  use  of 
dtts  alloy  for  the  same  purpose  is  of  great  antiquity,  and 
certainly  was  in  frequent  use  in  the  time  of  Pliny.  Klap- 
roth  analyzed  a  portion  of  an  ancient  speculum  in  the  fol- 
bwing  manner.  The  fragment  was  compact,  very  hard^ 
and'  brittle,  the  fresh  fracture  greyish  white,  which  by  po- 
lishing acquired  a  beautiful  lustre.  A  hundred  grains 
woe  heated  ivitli  nitric  acid,  whereby  a  blue  solution  ivas 
made,  and  a  part  remained  undissolved.  The  solution 
being  first  tried  uithout  effect  with  muriat  of  soda  for  sil- 
ver, tras  mixed' with  a  solution  of  sulphat  of  soda,  whtcli 
gxve  a  white  precipitate  of  sulphat  of  lead,  equiva- 
Itnt  tosix  grains  of  lead.  The  copper  was  then  separated 
br  iron,  and  amounted  to  62  grains.  The  undissolved 
portion  iJowly  digested  with  muriatic  acid,  gav£  a  straw* 
feDow  solution,  which,  decomposed  by  zinc,  gave  32 
gnnns  of  metallic  tin.  This  speculum  therefore  con^ted 
(^  63  parts  of  copper,  32  of  tin  and  8  of  lead,  which  las; 
was  probably  an  adulteration  of  the  tin  and  npt  added  dct. 


When  more  tin  is  added  than  amounts  to  half  the  weight 
of  the  copper,  the  alloy  begins  to  lose  that  splendid  white-i 
ness  for  which  it  is  so  valuable  as  a  mirror,  and  becomes 
more  of  a  blue-grey.  As  the  tin  increases,  the  texture  be- 
comes rough- graiaed>  and,  as  it  were,  rotten,  and.totally 
VD&t  for  manufacture.  The  speculum  metal  is  Uierefore 
'm  the  highest  proportion  of  alloy  of  tin  that  copper  will 
admit  for  any  useful  purpose. 
-jAperfea  speculun^metal  should  be  quite  white  wlthr 
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out  shewing  any  cast  of  yellow  when  polislied,  not 
liable  to  tarnish,  quite  free  from  pores  even  when  exj 
ed  by  a  lens,  of  a  certain  coherence  or  toughness  to  bol 
the  grinder,  and  for  the  convenience  of  working,  as  sd| 
as  may  be  consistent  with  die  other  requisites. 

Mr.  Mudge,  whose  specula  were  celebrated  fot  tb 
goodness,  observes,  dut  the  extreme  of  whiteness  is  gi 
en  by  32  piuts  of  copper  and  16  of  tin,  but  this  is  exa 
sivcly  hard  and  brittle ;  that  32  of  copper  with  14  1-3 
^  is  still  quite  white  and  as  hard  as  can  be  wroDghL    Ifi 
also  observed  by  many  trials,  that  the  metal  to  turn  o 
&ee  from  pores  should  be  twice  fused,  tliat  is,  the  fii 
time  for  the  purpose  of  mixture  (in  which  the  copper  is 
be  first  melted  separately)  and  then  remelted  with  as  lit 
beat  as  possible,  for  casting.     As  tliere  b  always 
loss  by  the  calcination,  cliicily  of  the  tin,  a  UtUc  allow; 
in  the  proportion  of  diis  latter  may  be  made  on  at 
of  the  double  fusion. 

The  most  elaborate  mixture  and  accurate  directions 
this  important  subject  are  given  by  Mr.  Edwards,  wha< 
specula  are  of  extreme  excellence,  and  are  published 
the  nautical  almanac  for  1787,  of  which  tlie  followiiig  a 
the  leading  particulars. 

The  quality  of  the  c(^>per  should  first  be  tried  by 
ing  succesMvely  fit>m  so  much  short  of  half  its  weight 
tin  that  it  proves  a  httle  yellow,  to  the  full  half  of  tin,  a 
by  comparison  ascertaining  the  maximum  of  whitene 
observing  that  beyond  this  point  the  alloy  beg^  to  U 
part  of  the  brilliance  of  fracture  and  to  become  bluii 
When  tills  is  found,  take  32  parts  of  the  copper,  melt 
add  one  part  of  brass  and  as  much  silver,  with  a 
black  flux*  to  cover  the  surface ;  whai  these  are  roell 
air  with  a  wooden  rod,  and  pour  in  from  15  to  16 
of  tin  (according  as  found  necessary  by  previous  ex] 
BKDl)  fused  in  a  separate  crucible  with  a  lowhe^ 
•Crude  Tartar  dcBagtaledmtliwtte.    T.C 
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again,  and  immediately  pour  it  into  cold  waters 
the  second  melting  (with  as  little  heat  as  will  suf- 
\  for  every  16  parts  of  the  composition  1  part  of 
enic,  wrap  it  in  paper,  thrust  it  to  the  bottom  6i 
metal,  and  stir  with  a  wooden  rod  till  no  more 
fumes  escape,  immediately  after  which  cast  the 
a  sand-mould.  Then  while  it  is  still  red-hot  lay 
t  full  of  very  hot  embers  and  cool  it  very  slowly : 
is  precaution  is  particularly  observed,  the  metal 
1  pieces  when  cold,  sometimes  even  long  after 
danger  is  thought  to  be  past ;  or  it  will  split  in 
[ling.  For  the  particular  manner  of  constructing 
d,  and  tlie  whole  of  the  nice  and  laborious  opera- 
grinding  and  polishing  to  a  perfectly  true  figure, 
r  is  referred  to  the  two  papers  above  mentioned.* 
lie  brass,  and  the  silver,  and  the  arsenic  appear  to 
ir  distinct  use.  The  brass  makes  the  mixture 
tnd  not  so  excessively  hard  and  brittle.  The  sil- 
roves  both  the  texture  and  colour,  but  is  not 
jal  though  really  an  useful  addition.  The  arse« 
lond  by  actual  comparison  to  make  the  metal  fi- 
[  particularly  closer  in  texture,  and  therefore  less 
be  porous.  It  sensibly  increases  the  specific  gra- 
ich,  before  the  arsenic  is  added,  is  8.78,  but  af- 
;,  8.89^  It  is  added  in  the  second  melting,  that  as 
XKsible  may  be  dissipated  in  vapour.  A  greater 
xi  would  make  the  metal  liable  to  tarnish.  An 
iteining  6  of  copper,  2  of  dn,  and  1  of  arsenic,  is 
e  proportion  of  Sir  I.  Newton's  specula,  wUch 
;ood,  bat  polishes  somewhat  yellow, 
separation  of  copper  firom  bell-metal  and  all  the  tin 
t&eka^  way,  happened  to  be  an  object  of  cona« 
importance  in  France  in  the  midst  of  the  revolur 
ivar,  wboi  the  iiwportation  of  copper  was  neairfy 
icable,  and  a  large  quantity  of  it  was  reqiuiedfior 

to4/»ij9eria/»8rt»Cnu;ted«foir  pageshmcc.   T.C. 
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general  purposes,  and  particularly  for  tlie  coinage, 
number  of  very  ingenious  experiments  were  then  made  ( 
the  best  method  of  freeing  the  metal  of  church  bells  fn) 
their  tin  and  other  alloy,  and  obtaining  thence  a  gO( 
malleable  copper  with  the  least  possible  expence  or  loc 

The  circumstances  in  which  it  is  worth  while  to  mi 
down  great  bells  for  tlie  sake  of  the  pure  copper  do  n 
often  occur,  but  the  various  processes  may  be  here  sIiQi 
y  noticed  as  important  to  the  histor}^  of  the  chemk 
properties  of  copper  alloys,  and  as  a  very  happy  examjp 
of  the  application  of  theoretic  chemistry  to  the  purpofl 
of  manufacture.  Pelletier  and  Fourcroy  seem  to  ha 
chiefly  distinguished  themselves  in  this  research,  and  ea 
chemist  appears  to  have  followed  nearly  the  same  tsao 
but  with  an  acknowledged  priority  iix  the  former. 

The  great  principle  on  which  all  the  modes  of  purii 
ing  bell-metal  depend,  is  the  muph  mcH^  r^y  ojxydal 
lity  of  tin  by  the  united  action  of  heat  and  oxygen,  tfa 
copper.  Hence  even  when  bell-metal  is  simply  kept  roe 
ed  in  an  open  vessel,  a  d^ree  of  separation  of  the  twon 
tals  begins  instantly,  the  tin  oxydating  much  fastor  ai 
sooner  than  the  copper,  and  of  course  the  proportion 
copper  being  therefore  constantly  ^icreasing  in  the  flu 
l^netal  below. 

Another  equally  import^t  circumstance  also  depeh 
ing  on  the  much  stronger  affinity  of  tin  for  oxygen,  is,  til 
when  oxyd  of  copper  is  mixed  with  tin  at  its  lowest  sb 
of  oxygenation,  the  tin  still  retains  its  superior  affii 
ty  for  oxygen,  and  deprives  the  oxyd  of  copper  of  di 
prindple,  and  the  products  are,  tin  highly  oxygenated  fli 
in  a  pasty  semi-fluid  mass,  and  copper  in  ^  regulh 
state,  pardy  collected  at  the  bottom  df  tlie  vessd  aiid|Mr 
ly  in  small  globules  entangled  in  the  oxyd  of  tin. 

The  diitct  experiments  of  Fourcroy  on  this  pcniit  fl 
valuable^ 
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A  bell-metal  was  first  made  with  SOpartsof  copper  and 
SOoftin,  both  pure. 

Of  this  alloy  100  parts  were  put  on  a  muffle  and  expos- 
ed fixr  a  certain  time  to  a  red  heat,  with  access  of  air.  The 
whole  was  converted  to  a  grey  oxyd  and  weighed  104 
jNffts.  It  was  then  heated  strongly  for  half  an  hour,  and 
yielded  a  button  of  pure  copper  weighing  54  parts.  Com 
sequently  26  parts  of  copper  remained  unreduced  and 
mixed  with  the  scoria  of  the  oxyd  of  tin; 

A  hundred  parts  were  calcined  as  above  till  they  in. 
creased  to  117.  This  being  strongly  heated  for  half  an 
hour  gave  a  brown  mass,  from  which  no  copper  separat- 
ed except  a  few  interspersed  globules.  This  therefore 
was  too  much  oxygenated,  that  is,  the  tin  had  combined 
with  so  much  Oxygen  in  the  first  operation  that  it  could 
not  afterwards  separate  any  from  the  oxyd  of  copper. 

A  hundred  parts  were  treated  in  the  same  way  till  they 
increased  to  112.  This  melted  into  a  brown  mass  con^ 
taining  more  globules  of  copper  than  the  last,  but  still  the 
greater  part  remained  unredaced. 

Hence  it  appears  that  even  an  increase  of  12  on  100  id 
too  much,  and  by  other  experiments,  the  above  chemist 
fixes  the  proper  pomt  of  oxydation  at  wliich  oxyd  of  cop- 
per is  reducible  by  oxyd  of  tin  to  be  from  5  to  7  on  100 
of  common  bell-metah  However,  when  too  highly  oxy- 
genated metal  is  mixed  with  the  requisite  propcxtion  of 
fiesh  metal^  the  fcnrmer  serves  as  a  reducing  flux  to  the 
lattier,  and  the  whole  may  then  be  made  to  yield  a  large 
portifHi  of  purified  copper.  This  very  ingenious  plan  has 
been  found  to  answer  extremely  well  in  experiments 
made  in  the  large  way^  as  will  presently  be  mendoned. 

Several  substances  have  been  tried  that  might  assist  in 
the  first  oxygenation  of  the  bell-metal  and  shorten  the  pro- 
cess.  Of  these,  nitre  and  oxyd  of  manganese  answer  the 
most  completely.    For  experiment  in  the  small  way,  lOd 
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parts  of  bell-metal  were  powdered  and  mixed  witli  about 
14  of  nitre,  and  heat  d,  at  first  slowly,  afterwards  stnxig- 
ly,  and  gave  fi-om  57  to  63  parts  of  copper,  very  maUea* 
blc,  but  not  quite  pure.  With  a  larger  quantity  of  mtie 
the  copper  is  purer,  but  more  is  lost  in  the  scorias. 

A  hundred  parts  of  bell-metal  mixed  with  25  parts  of 
oxyd  of  manganese,  covered  with  broken  glass^  and 
strongly  heated  for  an  hour,  gave  36  parts  of  very  good 
copper.  It  is  of  some  importance  to  add  glass  or  some 
other  saline  flux,  as  this  brings  the  whole  into  thorough 
fusion,  and  allows  the  copper  to  subside  through  the  vitri- 
fied oxyd  of  manganese.  Where  this  b  not  done  (and  in 
the  large  way  it  would  add  to  the  expense)  much  (^  tlie 
copper  is  entangled  in  the  vitrified  manganese,  and  a  sub- 
sequent operation  is  required  to  separate  it.^ 

In  the  processes  of  two  other  chemists,  salt  and  sand 
have  each  been  found  useful  additions  in  the  refining  of 
bell-metaL 

We  may  add  the  detail  of  two  trials  made  in  the  large 
way  by  Pelletier  and  Darcet  by  order  of  tlie  French  go- 
vernment, the  one  in  which  a  portion  ^vas  first  oxydated, 
and  this  used  as  a  reducing  flux  for  the  remainder,  with- 
out any  foreign  addition  whatsoever :  and  the  other  in 
which  the  refining  was  assisted  by  oxyd  of  manganese. 
It  may  be  premised  that  the  manipulation  of  large  quanti* 
ties  is  not  the  same  as  with  small,  particularly  in  the  case 
of  reduction  to  gross  powder,  which  may  be  easily  donein 
an  iron  mortar  on  a  few  ounces  or  pounds,  but  not  with  any 
economy  on  lai^  weights.  Large  masses  tlierefore  are 
first  heated  red-hot,  when  tliey  may  be  easily  broken  up 
and  spread  about  by  an  iron  bar,  and  this  is  the  way  ooo* 
stantly  practised. 

The  first  process  was  thatof  refining  without  additioo* 
For  this  purpose  400  pounds  of  metal  were  put  on  a  fiff* 
uace,  and  when  red-hot  broken  up  with  an  iron  boo*,  and 

*  All  this  strongly  bears  vipoiv  \h^  T^ftx»iv%  of  Copper. 
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pread  about  with  constant  stirring  till  the  whole  was  con« 
erted  into  a  reddish  Oxyd,  somewhat  cohering,  and  shew- 
ng  the  appearance  of  copper  approacliing  to  reduction, 
rhe  400  pounds  were  increased  hereby  to  425  pounds  2 
imoes,  making  an  increase  of  above  six  and  one-fourdi 
nlOO. 

Next,  800  lbs,  of  fresh  metal  were  melted  on  a  rever- 
lenlDiyy  and  the  4  J5  lbs.  2  ounces  of  oxyd  were  added 
)  it  with  constant  stirring  for  about  twenty  minutes. 
!1k  fire  was  continued  for  nine  hours  with  occasion- 
stirring  of  the  metal,  and  samples  were  drawn 
m  time  to  time,  which  shewed  a  gradual  approach 
the  melted  metal  to  the  state  of  pure  copper.  As  the 
fining  took  place  at  the  surface  of  the  fluid  metal,  or  the 
rnit  of  contact  between  it  and  the  scorias,  the  metal  was 
oe  purer  tiian  at  the  bottom.  Nine  hours  after  the  melt- 
g  of  the  metal  the  copper  beneath  the  scorias  was  fine, 
d,  and  fibrous,  and  was  then  run  off  into  moulds.  The 
vias  remained  in,  icx  half  an  hour  longer  to  melt  out 
St  of  the  metal  entangled  in  it,  which  was  then  let  out, 
d  lasdy,  the  scoris  itself  was  raked  out,  which  was  a 
ick  aid  pasty  mass,  that  hardened  excessively  when 
dd,  and  still  contained  some  copper  entangled  in  its 
ibstance.  The  results  of  this  operation  were  761  lbs. 
I  ozs.  of  copper  run  into  the  moulds ;  46  lbs.  of  copper 
reated  out  of  the  scorias,  and  7  lbs.  4  ounces  of  small- 
ained  copper,  samples,  &c.  or  iu  total  915  lbs.  of  copj^er 
9m  1200  of  metal,  or  nearly  G8  from  100.  The  scorias 
^;hed  474  lbs.  and  when  thoroughly  bruised  in  a 
amping  mill,  and  washed,  it  gave  18  lbs.  mwe  of  copper. 
Thus  then  by  this  simple  process  nearly  70  parts  (in 
1)  of  very  good  copper  may  be  got  from  100  parts  of 
letal,  whose  known  contents  of  copper  are  about  80 
ercent. 

^OL.  III.  O 
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The  second  process  was  that  \^th  the  assistancie  of    ' 
black  oxyd  of  manganese.  f 

In  the  same  furnace  800  lbs.  of  bell-metal  were  fint  \ 
xndted,  and  kept  very  hot,  after  which  25  lbs.  of  oxyd  of  | 
manganese  were  thrown  in,  and  the  whole  stirred  and  mix- 
ed with  great  care.  Two  hours  after,  15  lbs.  more  of  Ac 
manganese  were  stirred  in,  and  the  metal  even  dien  yn& 
sensibly  purer  than  at  first.  This  alternate  addition  of 
manganese,  and  stirring,  continued  till  100  lbs.  of  man- 
ganese were  used,  during  which  the  metal  constantly  kept 
refining.  Ten  hours  after  the  first  melting,  the  cxspfOi  ; 
was  found  to  be  soft,  fibrous,  and  good,  and  was  run  off 
into  moulds.  It  weighed  520  lbs.  The  scwiae  was  soft- 
er than  the  former,  and  not  so  well  melted.  It  weightd 
344  lbs.  and  was  still  visibly  rich  in  copper,  as  was  prov- 
ed by  after  washing.  The  copper,  exclusive  of  that  in 
the  scoriae,  here  amounted  to  about  60  bora  100  of  bdl- 
metal. 

From  these  and  many  other  experiments  it  appears 
that  by  very  simple  means  from  six  to  seven^ghtfas  dTtibe 
copper  actually  contained  in  bell-metal  may  be  extract- 
ed ;  and  in  particular  circumstances  this  may  be  practis- 
ed toadvant^,  but  on  the  other  hand  the  tin  is  lost  to 
most  economical  uses,  as  its  reduction  fiom  the  state  of 
an  impure  aemi- vitrified  scoriae  is  extremely  difficult  and 
expensive.  [1  Aikm,  347, 

Copper  with  Iron. 

These  only  unite  when  the  iron  is  m  small  quantity. 
The  alloy  is  grey,  hard,  and  somewhat  brittle. 

Tutemg  is  a  white  alloy  of  copper,  zinc,  and  iron,  ac 
cording  to  Keir,  which  is  very  bird,  touffh,  and 


ly  ductile  to  be  wrought  mto  various  articles  of  ftimiture, 
such  as  candlesticks,  &c.  which  take  a  high  polish^  and 
when  made  of  il^e  better  sort  of  tutenag,  are  hardly 


Btmss.  107 

giushable  from  silver*    The  inferior  kinds  are  still  idute, 
but  with  a  brassy  yellow. 

The  Chinese  Petong  is  another  fine,  white,  malleable 
dk^  of  copper,  the  compo^tion  of  wliich  b  not  exactly 
Imown,  but  it  contains  a  small  portion  of  silver^  Neitho: 
tf  die  above  metals  are  imitable  by  the  common  pro- 


Acoording  to  Dize,  when  the  iron  forms  only  77  of  the 
it  is  still  magnetiealj  but  not  so  when  it  is  only  a- 
bout  ^.  ircm  does  not  whiten  copper  so  much^  in  equal' 
fiaotities,  as  tin  does,  and  still  less  than  arsenic. 

BranzCy  die  name  of  a  mixed  metal,  which  the  ancientr 
empbyed  for  casting  statues  and  other  ornaments.  Ac- 
cording to  Vasari,  the  bronze  of  the  Ef^ptians  consisted' 
oftwo-duids  of  brass,  and  one  of  copper;  and  Pliny  in- 
fams  us,  that  die  Greeks  added  to  the  brass  one-tenth' 
part  oflead,  and  one-twentieth  part  of  silver. 

fid  casting  bronze  figures,  particular  attendbn  must  be 
piid  to  die  formation  of  the  mould.  The  pattern  from- 
idiidi  die  cast  is  to  be  made  must  have  a  mould  made  up- 
on it,  with  a  mixture  of  one  third  of  plaster  of  Paris,  and 
two-thirds  of  brick-du3t  Its  thickness  should  be  pro- 
portioiied  to  the  weight  of  the  figure ;  and  small  axr-hdes, 
openii^  upwards,  should  be  made  in  the  joints,  to  ^ve 
fiee  passage  to  the  air,  which  is  thrust  out  by  the  entrance- 
of  the  metal.  Over  the  interior  surface  of  the  mould  there 
diould  be  spread  neady  a  layer  of  clay  of  the  intended* 
thickness  of  die  metal.  When  this  is  done,  the  concavi- 
ty,  which  is  bounded  by  the  layer  of  clay,  is  to  be  filled 
widi  the  composition  of  plaster  of  Paris  and  brick-dust  al- 
ready mentioned,  which  will  form  the  core.  When  the 
figure  is  long,  strong  bars  of  iron  must  be  l^d  in  the 
mould  as  a  support  to  the  metal  figure,  and  round  these 
die  core  must  he  cast.    The  mould  b  then  opened,  the 
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layer  of  clay  taken  out,  and  every  kind  of  dampness 
led,  by  drying  the  mould  and  core  with  charcoal  ot 
straw.  The  core  b  then  replaced  in  the  mould,  where  it  is 
supported  in  its  proper  position  by  short  bars  of  bronse, 
which  run  tlirough  die  mould  into  the  core.  The  mould 
being  strongly  fortified  with  iron  bars,  and  fixed  in  a  right 
position,  the  liquid  bronze  is  poured  into  the  mouth  of 
the  mould. 

Bronzing  J  is  the  art  of  imitating  bronze,  or  of  com- 
municating to  figures  in  wood,  ivoiy,  plaster,  &c.  Aat 
greenish  rust  which  distinguishes  the  bronze  figures  of 
the  ancients.  The  golden  bronze  is  made  of  the  finest 
and  brightest  copper  dust,  and  when  it  is  wanted  of  a  red 
colour,  a  small  quantity  of  red  ochre,  well  pulverized,  is 
added.  They  are  both  put  on  with  varnish,  and  the  body 
to  which  they  are  applied  is  immediately  dried  over  a  chaf- 
ing dish,  to  prevent  it  fi-om  turning  green. 

The  following  method  of  bronzing  figures  is  extremely 
simple.  After  having  covered  the  figure  with  a  coat  of 
gum  water,  mixed  with  a  little  minium,^  take  a  little  fish 
glue,t  dissolved  in  spirits  of  wine,  j:  by  exposing  them  in 
a  warm  place,  and  add  to  it  some  saffiron ;  then  take  the 
filings  or  dust  of  any  metal  which  it  is  wanted  to  imitate, 
and  apply  this,  when  mixed  with  the  glue,  to  the  figure, 
with  a  hair  pencil. 

In  bronzing  copper,  the  Chinese  first  rub  it  with  vine- 
gar and  ashes,  till  it  is  well  polished.  When  the  copper 
is  well  dried  in  the  sun,  they  cover  it  with  a  coat,  made  in 
the  following  manner.  Take  two  parts  of  verdigris,  two 
parts  of  cinnabar,  five  parts  of  sal  ammoniac,  two  parts  of 
the  bill  and  liver  of  ducks,  five  parts  of  alum ;  pound 
and  mix  them  well,  and  form  them  into  a  clear  paste.  The 
copper,  after  being  covered  widi  a  coat  of  thb  paste,  is 
dried,  cooled,  and  waslied,  and  the  same  operation  is  re- 
peated about  ten  times. 

« 

•  Red  Lead.        f  Isinglass.        \  Or  4Ui  proof  brandj. 


1 
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Iron  may  be  bronzed  merely  by  rubbing  it  when  hot 
inrilh  the  hoof  of  a  cow,  and  with  oil« — Brews.  Ency. 

The  Gang  is  composed  of  78  parts  of  copper  and  22 
pvts  of  tin.  The  Paekfong  is  copper  and  tin  with  about 
OQc-tfaird  of  nickel 

Copper  with  Lead. 
.  These  metals  unite  to  appearance  very  intimately  by 
fiifliony  but,  what  is  very  remarkable,  when  a  mass  of  this 
iDoy  is  exposed  to  aheat  less  diandiat  at  which  the  whole 
ineltSy  die  lead  alone  sweats  out,  leaving  almost  all  the 
copper  in  a  porous  or  honeycombed  state.  When  the 
copper  holds  a  small  portion  of  silver,  the  lead  carries  the 
latter  out  with  it,  and  tlus  is  the  principle  of  the  old  pro- 
cess of  elijuationy  formerly  much  used  in  the  extracting 
of  SILVER  from  copper  ores.  Copper  with  about  a  fourth 
of  its  weight  of  lead  forms  pot-metal.  The  ancient  Ro- 
man pot-metal,  according  to  Pliny,  was  composed  of  100 
of  copper,  2  of  lead,  and  2  of  tin.  The  same  ingredients, 
but  with  more  of  the  two  latter,  were  the  materials  of  ma- 
njr  <^the  ancient  Greek  and  Sicilian  coins. — 1  Aik.  347. 

Ancient  Weapons  and  Corns. 

The  ancient  weapons  both  shields  and  swords  were  for 
the  most  part  made  of  copper  hardened  with  tin.  I  re- 
collect but  one  place  in  Homer  where  iron  is  mentioned 
as  the  metal  employed  for  the  purpose,  and  that  was  the 
point  of  the  spear,  wherewith  Pandarus  wounds  Menelaus. 
The  word  is,  Sidcron.  II.  4.    T.  C. 

Hardening  Copper. — In  the  second  vol.  of  this  work, 
dd  Series,  conducted  by  Dr.  Coxe,  is  an  account  of  Lc 
S^'s  method  of  hardening  copper  by  phosphorus.  The 
process  will  succeed,  but  when  so  hardened,  the  metal  is 
so  britde  as  to  be  fit  for  no  purpose  whatever. 

The  same  may  nearly  be  said  of  the  process  of  liarden- 
ing  and  wlutemng  c(^per  with  arsenic.     Melt  the  cop  ^ 


110  Brasfi 

per :  cover  it  with  charcoal :  to  two  parts  of  copper  by 
weight,  add,  tightly  folded  up  in  paper,  one  part  of  ^mix- 
ture  of  equal  weights  of  potash  and  arsenic  fused  to* 
gether ;  putting  in  the  arsenic  when  the  potash  is  quite 
hot.  As  soon  as  you  have  thrust  this  to  the  bottom  of 
the  melted  copper  with  a  stick,  cover  the  crucible  quick- 
ly, and  lute  the  sides  of  the  cover.  In  a  quarter  of  an  hour, 
tiie  mixture  may  be  poured  out.  It  will  be  hard,  white, 
and  very  brittle.  Where  the  latter  quality  does  not  ^xul 
it,  this  alloy  may  be  used,  as  a  substitute  for  silver.  Per- 
haps brass  thus  treated  with  arsenic,  might  be  used  to 
good  purpose.    T.  C. 

Plating. — This  is  confined  to  the  covering  of  copper 
or  brass,  the  m^s  usually  employed  for  this  purposCp. 
with  a  plate  of  solid  silver.  The  other  methods  of  covecn 
ing  copper  or  brass  with  a  still  thinner  coating  of  saLyer^ 
is  called  Silvering. 

Platuig  is  thus  performed.  An  ingot  or  bar  of  copper^ 
previously  well  hammered  to  increase  its  ductility,  and 
neatly  cleaned  and  planished,  is  covered  with  a  very  thin 
coating  of  pounded  and  finely-sifted  glass  of  borax  :  upon 
this,  is  laid  a  plate  of  silver  Scorn  one-tenth  to  one-six- 
teenth part  of  the  weight  of  the  copper,  acccxxling  to  the 
proposed  value  of  the  plated  goods.  T  he  plate  of  silver 
is  very  nearly  but  not  quite  so  large  as  the  bar  of  copper. 
The  silver  is  also  planished,  so  that  previous  to  the  ope- 
ration, the  under  surface  of  the  silver  and  the  upper  sur- 
face of  the  copper  may  touch  nearly  in  aU  their  parts. 
The  silver  being  laid  on  the  copper,  previously  strewed 
very  thinly  with  tlie  sifted  borax,  a  few  blows  with  a  ham- 
mer or  mallet  are  given,  to  bring  die  sur&ces  still  more 
into  contact.  The  silver  is  then  bound  to  the  copper  by 
iron  wire  drawn  tight.  The  edges  are  also  covei^  witfi 
powdered  and  moistened  glass  of  borax  so  as  to  cement 
the  silver,  when  heated,  to  tlie  copper.  They  are  then  ex« 
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posed  to  a  conaderable  heat  approaching  to,  but  short  of 
meldng.  The  very  thin  coating  of  interposed  borax,  as- 
sists in  preventing  any  oxydation  of  the  surface  of  the  cop- 
per, whUe  it  is  too  thin  to  prevent  the  adhesion  of  the  me- 
tals. The  double  plate  is  then  passed  through  well  po- 
lished sted  rollers,  till  it  be  of  the  required  thinness  :  the 
silver  and  copper  being  diluted  by  the  pressure,  equally. 

An  ounce  of  silver  is  often  rolled  out  to  a  sur&ce  of  a- 
bout  three  square  feet  and  its  thickness  does  not  exceed 
the  three  thousandth  part  of  an  inch.  Hence  the  sUver  is 
easily  worn  off  the  sharp  edges  of  plated  copper :  an  in- 
convemence  remedied  to  a  certain  degree  of  late  years,  by 
u^g  for  the  edges  of  plated  ware,  copper  more  tinckly 
plated  than  in  those  parts  of  the  utensil  not  so  much  ex- 
posed to  friction. 

When  plated  candlesticks  for  instance,  after  long  use, 
begin  to  shew  the  copper  from  the  silver  being  worn  off, 
it  may  easily  and  cheaply  b;:  renewed,  by  mixing  the  pre- 
cipitate of  silver  from  nitric  acid  by  means  of  common 
salt  with  two  parts  in  quantit}*  of  whiting,  two  parts  of 
common  salt,  and  two  parts  of  cream  of  Tartar.  Those 
who  are  not  chemists  may  make  this  paste  thus.  Send 
to  the  druggists  for  a  quarter  dollar's  worth  of  Luna  cor- 
nea,  or  Lunar  caustic  :  moisten  it  in  a  teacup  and  mix  it 
into  a  paste  with  twice  and  even  thrice  its  bulk  of  each  of 
the  other  ingredients  above  mentioned.  When  the  can- 
dlesticks are  cleaned,  either  widi  the  finger  or  a  soft  cork 
rub  the  parts  where  die  silver  is  worn  off:  the  copper 
becomes  almost  instantly  covered  with  a  coating  of  pure 
silver,  thin  indeed,  but  which  cai>  be  renewed  at  a  small 
expence.    T.  C. 

French  platings  is  manag^  by  the  application  of  silver 
leaf  to  copper  or  brass  well  cleaned  and  planished  and 
then  heated  quickly,  so  as  not  to  allow  time  for  oxydaticHi. 

The  silver  leaf  had  on  the  heated  metal,  is  then  bur- 
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nished  down.    Successive  coatings  of  silver  leaf  may  be 
thus  given. 

Silverings  on  copper  and  brass  may  be  performed  by 
the  munat  of  silver  mixed  with  whiting,  common  salt  and 
cream  of  tartar  in  the  way  I  have  mentioned.  The  whit- 
ing should  be  previously  washed  and  the  first  coarse  sedi- 
ment permitted  to  subside :  the  sediment  of  the  super- 
natant liquor  should  alone  be  used,  either  for  thb  purpose 
or  any  purpose  of  cleaning  silver  or  brass ;  because,  die 
common  whiting  is  apt  to  have  gross  particles  of  sand  in 
it,  that  will  scratch  the  surface. 

Chy  to  a  solution  of  silver  in  aqua  fortis,  add  some 
clean  plates  of  copper :  the  silver  will  be  thrown  down  in 
a  fine  powder  in  its  metallic  state.  Separate  it  firom  the 
surface  of  the  copper,  and  wash  it  well.  Of  this  powder 
take  one  part,  common  salt  and  sal  ammoniac  four  parts 
by  weight,  corrosive  sublimate  one  fourth  of  a  part  Rub 
them  well  together  in  a  mortar  with  a  litde  water,  into  a 
paste.  Clean  the  vessel  to  be  silvered  by  any  dilute  acid, 
or  by  common  salt  and  tartar :  rub  it  with  tins  paste  till  it 
acquires  a  metallic  coating,  which  will  be  an  amalgam 
of  mercury  finm  the  corrosive  sublimate  with  silver,  pro- 
duced by  the  triple  action  of  the  silver,  the  copper,  and 
the  mercurial  salt.  Wash  the  coated  sur&ce ;  then  ex- 
pose it  to  heat  so  as  to  drive  off  the  mercury,  and  flie  sil- 
ver remaining  on  the  copper,  may  be  bumi^ied  in  die 
common  way. 

Or,  mix  20  grains  of  silver  precipitated  by  copper,  3 
drachms  of  tartar,  two  drachms  of  common  salt,  and  half  a 
drachm  of  alum.  .  This  composition  being  rubbed  on  a 
clean  surface  of  brass  or  copper  will  cover  it  with  a  coat- 
ing of  silver,  which  may  be  polished  with  soft  leather. 

Or  J  take  half  an  ounce  of  silver  precipitated  by  copper 
from  aqua  fortis  :  grind  it  up  with  two  ounces  of  sal  am- 
moniac, two  ounces  of  common  salt,  and  one  drachm  of 
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corrosive  sublimate  c£  mercuiy ,  into  a  paste;  Boil  your 
coppet  for  half  an  hour  in  alum  and  Tartar ;  take  it  out, 
imd  rub  it  with  this  paste.  Then  heat  it  red-hot^  and  af« 
tomrd  pdishit* 

When  buttons  are  stamped  out  of  plated  cqpper,  the 
edges  and  backs  will  be  coppery.  To  whiten  them,  they 
are  boiled  in  water  containing  as  much  argol  or  tartar  as 
it  can  hdd,  in  which  precipitated  silver  is  also  put.  The 
backs  and  edges  are  thus  whitened^  in  the  same  way  that 
die  brass  wire  of  pins  is  tinned^ 

I  believe  iron  is  plated  on  the  same  principles  with  cop- 
per and  brass. 

I  do  not  know  that  any  body  has  yet  attempted  to  plate 
copper  with  platina  except  Dr.  Bollman.  His  iron  plated 
wtdi  jdatina,  is  a  very  beautiful  manufacture,  and  would 
prove  highly  useful  for  crucibles,  and  culinary  vessels ; 
bat  I  do  not  know  that  he  has  yet  succeeded  in  plating 
copper  widi  platina  by  lamination,  in  the  same  way  as  sil- 
ver is  rolled  on  copper.  But  copper  may  be  coated  with 
platina  by  means  of  a  mercurial  amalg^m^  as  has  been 
proposed  and  tried  on  the  continent  of  Europe.  The 
process  is  thus. 

M.  Strauss  in  Gehlen's  Joum.  20  PhiL  Magazine,  285. 
Take  a  solution  of  platina  precipitated  by  sal  ammoni- 
ac :  wash  it :  dry  it :  expose  it  to  a  red  heat  in  a  covered 
crudble  for  half  an  hour,  lliis  may  be  amalgamated 
with  from  five  to  seven  parts  of  mercury  by  trituration  in 
warm  water.  (Why  not  use  the  precipitate  hot  ?)  This 
amalgam  laid  over  copper,  unites  with  it^  and  the  mercu- 
ry  may  be  driven  off  by  heat  as  in  tlie  case  of  silvering  oi: 
gilding  with  mercur}\  A  second  coating  may  be  appUed, 
mixed  with  chalk  and  sprinkled  with  water :  the  plate  is 
again  exposed  to  a  red  heat  to  drive  away  the  mercury. 
Hie  platina  may  then  be  burnished  down. 

Vol.  m.  P 


Tinmtg  Copper. — The  (^mmon  method  of  tlnmng 
cq)per  vessels,  is  first  to  scrape  the  inside  clean  fitmi  anjr 
.rust ;  then  to  rub  them  with  sd  ammoniac ;  or  wfaik 
ivarm  with  rosin  oc  hi :  then  melted  tin  is  poured  on  die 
copper  and  by  means  of  a  cloth  whitened  with  whiting 
to  prevent  the  hot  tin  adhering  to  and  burning  it,  spread 
>ev€3ily  over  the  surface  of  die  copper,  and  then  planished. 

The  common  tin  used  far  this  purpose  isusuaHy  adul- 
^terated  with  lead  whicdi  has  been  supposed  to  be  verjr  de- 
leterious, but  some  French  experiments  on  the  subject 
Jhave  shewn  that  it  is  Jess  so  than  was  imagined. 

The  following  papas  on  the  subject  of  tinning  copper 

vessels  arc  worth  noticing. 

I 
JSIew  Process  Jbr  Turning  Copper  and  other  vessels  in  a 

durable  manner^ 

I 

That  copper  and  brass  vessels  cannot  be  used  with 
isafety  in  cooking  victuab  or  for  holding  articles  of  food, 
«nd  particularly  those  which  contain  acids,  is  well  known. 
It  is  also  well  known  that  the  tinning  applied  in  the  usual 
manner  is  not  durable,  being  soon  worn  away  by  ckanipg, 
4md  on  that  .account  must  be  fi^uendy  renewed  Sone, 
therefc»^,  have  {uroposed  enameUing  for  kitchen  utensfls 
of  copper;  which,  indeed,  would  answer  exceedin^y'^ 
wdl,  and  be  much  safer  for  the  health  than  impure  tin 
mbced  with  lead,  often  employed  for  tinning ;  but,  un- 
fortunately, enamel  is  too  dear^  and  readily  bitaks  when 
the  vessel  receives  the  least  blow ;  which  cannot  ahrafs 
be  av(Mded.* 

<*  Articlefi  that  Would  oMne  liigh  when  made  singly,  may  be  af- 
forded at  a  low  rate  when  manufactured  on  an  extensive  scale^-* 
Cooking  utensils  lined  with  a  vitrified  glaring,  are  now  comnMB- 
ly  sold  in  many  shops  in  London^  and  at  a  moderate  jHice.  It 
would  be  as  reasonable  to  object  to  theuseof  earthen•wareQrCfci' 
na,  because  they  may  be  broken  by  blows,  as  to  mak^  this  an  ob' 
jpction  against  the  use  of  glased  kettles* 

\ 
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Tbe  following  junocess  for  tinning  is  attended  with  no 

danger  from  poisonous  ingredients,  as  no  lead  is  used  ia 

it ;  die  tinning,  too,  is  exceedingly  durable,  adds  strength 

to  die  copper  vessel,  and  secures  it  fipm  the  action  of  ackb 

much  longer  than  the  common  tinning :-«- When  the  ve&- 

ad  has  been  prepared  and  cleaned  in  the  usual  manner, 

it  most  be  roughened  on  the  inside  by  being  beat  on  a 

roogh  anvU,  in  order  that  the  tinning  may  hold  better,  and 

be  wxe  Ultimately  connected,  with  the  copper.  The  pro- 

oeiB  of  tinnii^  must  then  be  begun  with  perfectiy  pure 

giained  tin,  having  an  addition  of  sal  ammoniac  instead 

of  tbe  common  colophonium.^    Over  thb  tinning,  which 

must  cover  the  copper  in  an  even  and  uniform  manner 

tfaroaghout,  a  second  harder  coat  must  be  applied,  as  the 

firrt  forma  only  a.  kind  ctf  medium  i(x  connecting  the  ae- 

Qond  with  the  copper.    ¥oc  this  second  tinning  you.  em-^ 

plojr  pure  grained  tin  mixed  with  zincf  in  the  proportion. 

of  two  to  three,  which  ni|p  be  applied  also  widi  sal  am-: 

mowac  smooth  and  even,  so  that  the  lpw£r  stratimx-  may 

be  entirely  covered  with.it. 

This  coating,  which,,  by  the  addition  of  the  zinc,  be^ 
ooDies  pretty  hard  and  solid,  is  then  to  be  hammered  with 
a  saioothing-hammer,  after  it  has  been  properly  rubbed- 
ad.  acowered  with  chalk  and  water,  by  which  means  it 
heconies  mofe  solid,. and.acquire^  a. smooth. compact  sur^ 


Vesisels  and  utensils  may  be  tinned  in  this  n^nner  on* 
bodi  sides.  In  tlus  case,  after  being  exposed  to  a  suffi- 
cicm  hcat^  they  must  be  dipped  in  the  fluid  tin,  by  which 
means  bpth  sides  will  be  tipned  at  the  same  time. 

As  this  tinning  is  exceedingly  durable,  and  has  a  beau* 
tifiil  cdour^  which  it  always  retains,  it  may  be  employed 
for  various  kinds  <tf  metal  instruments  and  vessels  which 
S  ntty  be  necessary  to  secure  from  rust 

^RoraL  tS^e  the noKt  paper. 
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Another  durable^  though  somewhat  expensive^  Method 

of  Ttnnmg. 

Tlus  tinning,  which  consists  of  more  articles  and  is 
dearer  than  the  former,  can  be  applied  to  metals  and  me- 
tallic mi^ctures,  and,  when  well  prepared,  is  exceedingly 
durable ;  winch  makes  up,  in  some  measure,  for  the  cost. 
It  is  as  follows. — Take  pure  grained  tin  one  pound,  good 
malleable  iron  one  ounce  and  a  half,  platina  one  dram, 
silver  twenty-four  grains,  and  gold  three  grains*  These 
five  metals  must  be  weQ  fused  t(^;ether  in  a  crucible  widi 
one  ounce  of  pounded  borax  and  two  ounces  of  pounded 
glass,  and  iht  liquid  matter  must  be  formed  into  small 
ingots*  These  ingots  are  to  be  again  heated  and  redu- 
ced  to  powder  in  a  warm  mortar  with  a  hot  pestle.  Tins 
powder  is  then  to  be  put  in  an  iron  pan  over  the  fire, 
ivhere  it  must  be  again  fused,  stirring  it  well  round :  it  U 
then  to  be  poured  into  small  flat  moulds,  where  it  is  suf- 
fered to  cool,  and  it  is  then  fit^  use. 

This  tinning  is  to  be  applied  in  the  following  maraien 
First  tin  the  vessel  with  grained  tin  and  sal  ammoniac  in 
the  common  manner ;  clean  and  scower  this  coadng ; 
dien  apply  the  composition  with  sal  ammoniac  accordii^ 
to  the  usual  process,  and  when  it  is  well  diflfused  sufler 
die  vessel  and  the  tinning  to  cool.  Then  expose  it  every 
tvhere  to  a  gentle  heat  to  render  the  adhesion  slnx^y 
and  immerse  it  while  hot  into  cold  water  to  give  it  Art 
hardness  and  solidity  which  it  had  lost  by  being  healed. 
The  sur&ce  is  somewhat  rough  and  gritty :  but  yoa  dm 
rub  it  hard  with  a  scratch-brush ;  and,  in  order  to  mate 
it  even,  you  afterwards  smooth  it  completely  with  fine  sand 
or  any  polidiing  ingredient. 

If  one  coating  does  not  appear  sufficient,  a  secood,  and 
even  a  third,  may  be  applied  in  the  manner  above  dl* 
scribed.  Two  coatings,  however,  are  fiilly  sufliciept  fir 
Mtchen  utensils  which  have  been  a  good  deal  used ;  Md 


Mrass^  1 17 

jf.  you  wish  to  have  the  surface  perfectly  smooth  and  even, 
you  may  apply  a  thin  coating  of  tin,  which  will  fill  up  all 
the  cavities  and  render  it  quite  even.  A  coal  fire  is  the 
best  for  this  tinning ;  for  turf  coals  attack  the  metal,  and 
intcmipt  the  union  and  fusion  of  the  coating. 

[7  Tilloch,  218- 

Extract  from  a  workj  published  by  Professor  Proust,  en- 
titled  Researches  on  the  Tinning  of  Copper  j  on  Tin 
Vessels^  and  glazed  Pottery  ;  published  at  Madrid^ 
1803. 

THE  author,  in  the  introduction,  says,  that  the  motives 
vbidi  induced  him  to  undertake  this  labour  were  the 
doubts  spread  abroad,  two  years  before,  among  the  pub- 
lic in  regard  to  the  salubrity  of  tinned  copper,  and  tlie  ac* 
counts  of  the  disagreeable  accidents  arising  irom  vessels 
badly  glazed.  Government,  always  attentive  to  every 
thing  that  can  tend  to  calm  the  public  mind,  had  recourse 
on  this  subject  to  sound  chemistry ;  tlie  only  tribunal 
competent  to  banish  doubts  of  this  kind.  Two  pro- 
bfems  were  presented  to  the  author  to  be  resolved : 

Ist,  Is  the  use  of  zinc  advantageous  or  not,  for  tinning 
and  fat  tin  vessels  ? 

2d9  Can  tinning,  in  consequence  t)f  the  lead  it  con- 
tains, and  sometimes  in  large  quantities,  expose  the  health 
of  the  public  to  the  same  dangers  as  glazing  of  a  bad 
quality  ? 

The  author  divides  his  work  into  three  chapters,  and 
each  chapter  into  several  paragraphs. 

The  first  part,  which  may  be  considered  as  historical, 
is  divided  into  four  paragraphs. 

In  the  first  the  author  mentions  the  project  which  was 
presented  by  M»  Malouin  to  the  Academy  of  Sciences  at 
Paris  in  1741,  in  regard  to  the  employment  of  zinc  for 
tinning  iron  and  copper;  the  advantages  he  promised 


118  Hrqsi, 

lumsdf  were  cmly  illusory,  and  his  expectaticHis  have  niot 
been  confirmed  by  lime. 

The  second  paragraph  contains  an  account  of  a  paper 
cm  tinning,  presented  to  the  same  academy  by  L  B.  Ke- 
inerlin  in  1742.  One  may  see  there  the  examination  of 
it  by  Messrs.  HeUot  and  Greoffix)y,  who  entertained  aa 
opinion  contrary  to  the  assertions  of  the  author^ 

The  same  year  the  academy  charged  Hellot  and  Geot 
froy  to  examine  the  alloys  of  zinc  proper  for  making  ves- 
sds.  The  inconvenimces  pointed  out  by  the  two  acade- 
micians, as  well  as  by  many  others,  were  verified  by 
Proust ;  and  all  of  them  are  inclined  to  pro^mbe  such 
alloys.  Having  made  a  mixQire  of  equal  parts  of  lead  and 
ainc,  similar  to  that  cxanxined  by  the  two  comnussioners^ 
he  obtained  an  alloy  of  a  paste-like  consistence,  as  easy  tft 
be  cut  with  a  knife  as  cheese,  and  cUfficult  tobe  cast.  M.. 
Pierre  Blanco,  a  very  ingenious  pewterer,  seconded  d» 
labours  of  Proust.  The  first  time  he  poured  the  alloy 
into  the  mould,  it  did  not  run  sufficiendy  to  fill  it.  He 
tried  it  a  second  time ;  and,  when  he  thought  he  could 
draw  it  from  the  mould,  it  kil  into  jHCces,  as  th^  had  no 
cohesion.  Being  desirous  to  procure  a  piece  well  or  ili 
moulded,  he  found  himself  obliged,  at  the  third  time,  to 
cool  his  mould  in  cold  water,  and  to  emjd(^  double  the 
time  necessary  to  cast  a  piece  of  the  same  size  with  oom-» 
tnon  alloys :  the  vessel  obtained  broke  shorty  imd  was  fill- 
ed with  defects  which  could  not  be  remedied.  A  pound 
ni  alloy  was  employed,  and  the  article  weighed,  only  nine 
ounces.  The  whc^  of  the  residuum  was  mere  lo88# 
The  same  article  acquired  in  a  month  a  daik  colour, 
and  at  the  end  of  six  months  was  covered  widi  ozydi 
inconveniences  which  do  not  take  place  in  vesseb  of 
common  tin.  The  author  still  continues  to  make  aeve^ 
ral  practical  objections,  to  which  no  one  has  given  an  W* 
swer. 
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It  IS  deen,  thcrefixt,  that  alloys  of  zinc  are  not  ^  advan- 
tageous as  some  have  imagined ;  and  those  who  propose 
diem  have  neither  consulted  chemistry  nor  practice.  Be* 
fiore  they  were  presented  to  government  for  its  sanction,  it 
ivas  necessary  to  subject  these  alloys  to  the  test  of  chemi- 
calagents:  and  this  the  author  lias  not  omitted. 

1st,  A  plate  of  the  alloy  in  question  being  broyght  into 
ieoolact  with  vinegar,  the  latter  contracted  a  very  disagree- 
able metallic  taste  at  the  end  of  a  day :  on  the  third  day^ 
inthout  being  sweet,  astringent,  or  bitter,  it  occasioned  in 
the  throat  a  very  uneasy  and  disgusting  sensation,  and  no 
doubt  a  small  dose  of  it  would  have  excited  vomiting. 

2d,  A  plate  of  the  same  alloy,  of  four  inches'  sur- 
faor,  boiled  half  an  hour  in  vinegar,  lost  16  grains  of  its 

Sd,  Vinegar  being  boiled  in  a  vessel  tinned  with  the 
tame  alloy,  acquired  the  same  taste  as  No.  1* 

4thy  A  plate  of  the  same  alloy,  exposed  cold  ki  dis- 
tilled vin^;ar,  exhibited  the  same  phaenomena  as  No.  1 
kid  3.  This  solution,  when  attentively  examined,  &A 
\xA  exhibit  an  atom  of  tin. 

All  these  facts,  which  confirm  those  of  the  French  ao** 
cademicians,  prove  that  zinc  is  a  metal  exceedingly  solu- 
Uc  in  vinegar,  very  easily  altered,  and  that  solutions  of 
it  having  been  found  noxious,  it  ought  to  be  proscribed 
firom  our  kitchens. 

TTie  subject  of  the  third  paragraph  is  the  project  of  M, 
Doucet,  who  in  1778  presented  to  the  Academy  of  Sci- 
ences at  Paris  a  bar  and  pan  made  with  a  mixture  of  his 
invention.  It  was  examined  by  Macquer  and  Montigni, 
who  made  a  report  on  it.  Tliese  two  chemists,  having 
more  experience  than  Hellot  and  Geofiroy,  analyzed  it 
chemically,  and,  having  soon  found  that  it  had  its  mcon-^ 
veniences,  it  was  rejected. 
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The  alloy  df  Chartier,  and  the  prqject  of  Lafolicj  diaitd 
tlie  same  fate,  as  is  seen  by  the  report  of  the  commissiorK 
crS)  and  by  the  labours  of  the  abbe  Monges  and  of  Bayeti. 

^rhe  alloy  of  M.  Buschaendorf,  of  Leipsac^  presented 
4n  1802,  and  described  in  the  Annates  des  Arts  ct  Manu- 
factures y  fonns  the  subject  of  the  last  paragraptu  Proust 
subjected  it  to  the  same  experiments  as  the  preceding : 
he  proves  that  it  is  attended  with  the  same  inconveniences, 
without  having  any  of  the  qualities  announced  by  Bus* 
chaendorf 

Part  IL 
On  the  Old  Method  of  Tinning. 

This  part  consists  of  ten  paragraphs.  M.  Malouin, 
while  he  proposes  his  mixture,  does  not  condenm  the  old^ 
but  he  mentions  the  dangers  to  which  people  are  exposed 
by  this  kind  of  tinning.  Kemerlin,  liellot,  C>eofiro}% 
Doucet,  Chartier,  Lafolie,  Buschacndorf,  and  others,  have 
done  no  more :  but  no  one  has  hitherto  proved  the  reaUty 
of  these  supposed  dangers ;  and  what  is  still  more  asto* 
nishing  is,  to  see  the  inactivity  of  the  chemists  of  Europe 
in  realising  oc  exploding  a  fact  which  is  so  interesting  to 
society.  To  decide  the  question  in  a  peremptCHy  man- 
ner, it  was  necessary  to  undertake  a  series  of  experiments 
which  had  before  been  neglected.  To  succeed  in  them 
it  %vas  previously  necessary  to  examhie  the  properties  of 
some  metals  and  oxyds ;  and  there  are  nine  paragraphs 
employed  in  the  examination  of  iron,  antimony,  mercuiy, 
lead,  and  zinc.  This  examination  was  requisite  to  an- 
swer all  the  objections  which  he  proposed  to  resolve  in 
the  third  part  of  this  work. 

Part  III. 

This  part  is  divided  into  five  paragraphs. 

Paragraph  I. 

Eotperiments  made  on  the  Old  Method  of  Tinning. 

Five  plates  of  copper  each  a  foot  square,  were  tinned^ 
«//  ^e  necessary  precaution  bdu^  X2lte?cv«    T\v^  ^\Qct  of 
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Ik  aulfadr  was  to  ascertain  the  quanti^  of  aUoy  diey  w^ 
take  one  with  anodier« 

The  first  took    «•    144  grains 

The  second        •     178 

Thethird         -      200 

The  fourth       -      208 

The  fifth  .      230 

The  quantity  of  tinning  which  copper  can  take  is  t%^ 
ctiedingly  variable,  and  not  subject  to  calculaticm :  the  al« 
tenrtion  of  the  copper  by  tinning  being  in  all  points  the 
same,  the  variations  in  the  weight  must  necessarily  de« 
pcnd  on  the  more  or  less  exact  manner  in  which  the  work* 
man  removes  the  superfluous  tinning ;  and  (Hie  might  be 
mdiKed  to  believe  that  the  artist  has  it  m  his  power  to 
pve  a  tinning  more  or  less  abundant ;  but  the  tinning 
MaUoyed  with  the  copper  ought  not  to  be  considered  in 
die  same  manner  as  that  which  is  alloyed.  The  author 
htt proved,  in  general,  that  good  tinningtakes  a  grun  of 
&per  square  inch« 

Paragraph  IL 

Ob  Ae  Duration  and  Causes  of  the  Destruction  qf'l\n* 

ningk 

Tiiknmg  in^th  pure  tin  has  a  silver  white  tolouf,  and,  in 
OQDiBCt  with  vapours  capable  of  attacking  it,  assumes  a 
jdlowish  tint  That  made  with  one-tlurd,  one-fimrth,  at 
ODC-haif  of  lead,  like  the  old  tinning,  has  more  brilliancy^ 
and  may  t)e  easily  dbtinguished  firom  the  former* 

The  causes  which  destroy  tinning  are  friction^  calorici 
aid  acids  :  the  effects  of  all  these  causes  vaiy  accordbg 
to  an  infinite  number  of  circumstances,  which  are  deter^ 
mined  by  the  author  as  exactly  as  possible,  and  have 
taught  him,  that,  even  supposing  alloy  to  be  made  with 
Qoe-half  lead,  no  individual  can  swallow  per  day  1-S20tb 
paon  of  that  metal ;  a  quantity  inappreciable  in  itsetfects^ 

*  Vol.  m.  Q 
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fikice  we  duly  swallow  a  hundred  times  more  wben  we 
eat  game,  without  being  incommoded  by  it.  From  theae 
facts,  and  many  others,  it  results,  that  if  vessels  of  tinned 
copper  occasion  illness,  they  ought  rather  to  be  ascribed 
to  the  want  of  tinning  than  to  the  latter. 

Paragraph  III. 

Of  Ttrming  considered  as  soluble  in  alim^tary  Acids* 

Eight  saucepans,  each  capable  of  containing  twen^ 
ounces  of  water,  were  tinned  with  the  following  alloys : 
The  1st,  with  pure  tin. 

2d,  with  tin  having  0.05  of  lead« 

3d,        -        .        0.10 

4di,       .        .        0.15 

5th,       .        -        0.20 

6th,        -        .        0.25 

7th,       .         .        0.30 

8th,  with  equal  parts  of  tin  and  lead. 
Tinning  with  pure  lead  was  impossible. 
Into  each  of  these  pans  tliere  was  put  a  pound  of  red 
wuie  vinegar,  which  was  boiled  till  it  >vas  half  consumed. 
The  vin€^;ar  of  each  pan  was  poiu^  into  a  glass  vessel, 
and  suffered  to  remain  at  rest  for  twenty-four  hours.  The 
vinegar  was  tlien  poured  off,  and  the  jx^cipitates  were 
wdl  washed :  each  portion  of  vinegar  was  mixed  with  an 
equal  quantity  of  distilled  water ;  equal  parts  of  each  were 
put  into  the  vessels,  and  three  rows  were  formed  of  eight 
vessels  each.  The  vessels  of  the  first  and  second  rows 
attained  vinegar ;  those  of  the  third,  sediments.  Near- 
ly four  ounces  of  the  sulphat  of  potash  were  poured  into  - 
each  vessel  of  the  finst  row,  and  into  those  of  the  secood 
snd  third  row  about  four  ounces  of  hydro-sulphuiuted 
water.  In  the  first  row  no  precipitate  was  observed,  con* 
sequently  there  was  no  lead :  m  the  vessels  of  the  secood 
low  thcxfi  was  observed  a  slight  chesnut-coloured  aedl* 
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ment,  ivhich  indicated  the  existence  of  tin.  The  sedi- 
ments of  the  third  row  did  not  change  colour,  whence  it 
was  concluded  that  tliere  did  not  exist  in  Aem  any  mc^ 
talUc  substances.  The  vinegar,  then,  boiled  in  the  ttn-^ 
ned  pans  did  not  dissdve  lead,  but  only  a  very  small 
quantity  of  tin. 

The  sediments  of  the  third  row  were,  for  the  most  part, 
composed  of  tartar  and  sulphat  of  lime.  These  two  salts» 
in  precipitating,  might  have  carried  with  them  a  Uttle 
lead ;  but  they  did  not  contsun  an  atom  of  it. 

The  same  experiments  being  repeated  with  very  strong 
white  wine  vinegar,  which  was  boiled  till  three  parts  of  it 
were  consumed,  ccMifirmed  the  preceding  fiicts ;  with  this 
only  difference,  that  the  tinning  assumed  the  colour  of 
lead,  and  readily  yielded  to  the  friction  of  the  finger,  com- 
ing off  in  die  form  of  a  gray  powder,  which  was  nothing 
else  than  very  &ie  particles  of  lead.     This  pha&nomencm 
was  more  remarkable  in  the  pan  No.  8,  though  the  quan- 
tity  of  that  powder  did  not  weigh  half  a  grain«    These 
iacts  were  the  less  remarkable  the  nearer  to  the  pan  No.  1 ; 
so  that  with  a  little  practice  one  might  judge  by  these 
means  of  the  quantity  of  lead  and  tin  contained^in  tinning. 
The  vinegar  formed  zones  of  a  very  beautiful  colour 
on  the  tinning  of  the  pan  No.  1.    These  &cts  may  still 
serve  to  enable  one  to  distinguish  the  quality  of  tinning. 
These  experiments  evidendy  prove  that  lead,  which  is 
very  soluble  in  vinegar,  loses  diat  property  when  alloyed 
widi  tin.    This  is  agreeable  to  chemical  facts  already 
known ;  for  tin  is  more  oxydable  and  soluble  than  lead^ 
and  the  latter  is  precipitated  from  its  solutions  by  tin» 
and  this  is  the  cause  of  the  presence  of  the  gray  powder 
above  meiUioned ;  fi>r  vinegar,  indeed,  dissolves  inunedi- 
atdy  a  few  particles  of  the  lead  ia  the  tinning,,  but  it  is 
aftmvards  precipitated  by  the  tin,  and  foms  gray  dust» 
All  these  &ctS|  and  many  others  explained  by  theautbor^ 
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prove  that  tinning,  the  half  even  of  which  is  lead,  cannot 
be  dangerous  in  domestic  purposes ;  and  that,  to  be  hurt- 
ful to  the  health  by  the  contact  of  alimentaiy  acids,  it 
would  be  necessary  that  the  pans  should  be  pure  lead,  or 
tinned  with  th^t  metal  only,  which  is  impossible. 

Paragraph  IV* 
On  Tin  Vessels. 
It  was  necessary  to  examine  the  action  of  vegetable 


acids  on  vessels  of  tin,    For  this  purpose  the  author  caus- 
ed the  follQwing  vessels  to  be  made : 

1st,  Pure  tin, 

*2d,  Tin  havmg      -      0.05  of  kad, 

Sd,  Ditto        •.        .    0.10 

4th,  Ditto        .        .    0.15 

5th,  Ditto        .        .    0.20 

6th,  Ditto        .        .    0,25 

7th,  Ditto        -        -    0.30 

8th,  Ditto        -        ^    0,50 

9th,  Of  pure  lead. 
AD  these  vesseb  were  filled  with  boiling  vinegar,  which 
was  left  in  them  three  day^  The  vinegar  (^  the  first 
dght  vessels  bemg  subjected  to  the  e^ammation  of  re- 
agents,  <Ud  not  give  the  least  signs  of  the  existence  of  kad, 
but  of  some  particles  of  thi.  The  vinegar  in  the  mndi 
vessel  wa3  much  saturated  with  lead. 

The  same  experiments,  repeated  at  three  other  times, 
with  vin^ar  of  greater  or  less  strengdi,  exhibited  die 
same  phsenomena.  Li  these  cases  it  was  observed  duct 
tiie  first  eight  vessels  had  assumed  the  colour  of  lead,  and 
exlubited  the  same  phenomena  as  those  indicatied  in  re- 
gard to  tinning  in  the  preceding  paragraph. 

The  author,  after  supporting  his  observations  by  those 
of  Bayen  and  those  of  Vanquelin,  deduces  this  conse- 
quence :  Tin  alloyed  with  lead  is  harder  than  when  it  k 
pure^  and  less  susceptible  of  su&ring  its  particks  to  be 
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nixed  widi  aliments.  What  have  we  to  fear  from  such 
vends  ?  Small  particles  which  may  be  detached  by  the 
fork  or  the  knife  ?  Such  fears  are  groundless.  Let  us 
apply,  then,  to  vessels  of  tin,  in  regard  to  their  use,  what 
we  have  said  of  tinning,  that  the  fears  entertained  in  re« 
gard  to  the  employment  of  it  are  not  proved  by  any  facts 
ivdl  authenticated ;  and  if  the  art  of  the  pewterer  is  sus- 
cqidble  of  improvement,  either  in  regard  to  health  or  prac- 
tice, it  cannot  be  expected  from  mixtures  which  have  al- 
ways been  rejected  by  sound  chemistry.  Besides,  we 
know  several  other  mixtures  which  might  be  tried  before 
we  have  recourse  to  a  metal  so  soluble,  and  so  difficult  to 
be  worked,  as  zinc. 

Let  us  now  form  a  parallel  of  the  alloys  we  have  exa- 
mined, with  those  used  by  the  pewterers. 

Pure  tin  forms  the  first  quality,  which  they  employ  for 
the  best  utensils  and  those  most  esteemed. 

The  second  kind  of  mixture  contains  an  eighth  of  lead, 
and  serves  for  making  common  vessels. 

The  tlurd  kind  cont^uns  0.15  of  lead,  and  is  employed 
fior  drinking- vessels. 

The  first  kind,  which  is  the  most  common,  contains 
OJ20  of  lead,  and  is  employed  for  making  ink-stands  and 
odier  small  articles. 

From  what  has  been  said  it  may  be  seen,  that  if  peuter* 
crs  employ  sometimes  for  common  vessels  the  fourth  kind 
of  mixture,  the  public  can  be  exposed  to  no  danger.  The 
ancients,  who  made  so  much  use  of  tin  vessels,  have  lefl 
us  no  certain  facts  which  prove  that  the  use  of  them  was 
contnoy  to  health,  and  medicine  never  proscribed  them. 

[21  TV/.  313—319. 

To  Separate  Copper  from  Silver  ^  by  M.  Goetling. 
Four  methods  are  known  for  separating  copper  from 
silver,  in  all  of  which  the  alloy  is  dissolved  in  the  nitric 
add*    As  the  price  of  this  acid  b  high,  M.  GoetUn^,  \s\ 
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place  of  it,  employs  sulphuric  acid,  which  is  much  cheap* 
er.  His  process,  which  has  fully  answered  his  expecta^ 
tiou,  is  as  follows : 

The  proportion  of  silver  in  the  alloy  is  first  to  be  asoer* 
tained  by  the  touch,  or  in  any  other  way»  For  each  part 
of  silver  one  part  of  sulphuric  acid,  and  for  each  pait  of 
copper  three  and  three-fifth  parts  of  tiie  same  acid,  are  ta 
be  taken.  The  acid,  diluted  with  half  its  weight  of  water, 
is  to  be  poured  into  the  matrass  on  the  alloy,  reduced  ta 
small  pieces.  An  addition  of  one  part  more  of  tiie  add 
to  every  sixteen  parts  of  the  alloy  facilitates  the  solution. 
Place  the  matrass  in  a  sand  heat,  and  bring  the  contents 
to  a  state  of  ebullition.  If  care  be  taker*  to  st  ir  it  frcquentl)r 
with  a  glass  rod,  the  alloy  will  be  broken  down  and  con- 
verted into  a  sulphat  in  two  or  three  hours.  It  will  be- 
come thick,  and  sometimes  hard.  While  still  hot,  six  (X 
eight  times  its  weight  of  boiling  water  is  to  be  added  toit> 
and  the  heat  to  be  continued  for  some  time*  By  this 
means  the  sulphat  will  be  dissolved,  and  a  great  part  of 
tbe  sulphat  of  silver  will  be  precipitated.  When  the  whole 
is  found  to  be  completely  dissolved,  a  clean  plate  of  cq>- 
per,  or  a  few  pieces  of  clean  cc^per  money  tied  loosdy 
in  a  coarse  cloth,  is  suspended  in  the^fluid,  and  the  boiling 
is  continued  for  some  hours,  by  which  means  all  the  sul- 
phat of  silver  is  decomposed,  and  the  metal  separated  h  a 
metallic  form. 

To  ascertain  when  tlie  separation  is  complete,  a  small 
quantity  of  the  solution  is  taken  out  and  tried,  by  adding 
a  few  drops  of  a  solution  of  muriat  of  soda.  If  a  curdly  ^ 
precipitate  is  formed,  it  is  a  proof  that  some  of  the  silver 
still  remains  in  it ;  in  which  case  the  boiling  must  be  con- 
tinued. 

When  a  complete  separation  is  effected,  the  dear  so- 
lution is  to  be  decanted  off  with  care,  and  the  precipitate 
washed.    To  ascertain  that  all  adhering  sulphat  of  copper 
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k  removed,  drop  into  the  water  last  poured  off  from  the 
precq>]tate  a  few  drops  of  liquid  ammonia.  If  any  of  that 
so^shat  be  still  present,  the  ammonia  will  produce  a  blue 
ooloiir  in  the  water.  The  silver,  if  not  wished  to  be  kept 
asa  powder,  may  be  melted  with  from  a  fourth  to  a  half 
of  its  wdght  of  nitrate  of  potash. 

The  liquid  sulphat  of  copper  decanted  fit)m  the  preci- 
piMr,as  also  the  water  employed  in  washing  it,  may  af- 
terwards be  evaporated  in  a  cop))er  basin,  and,  by  crystal- 
Ksatian,  a  quantity  of  blue  vitriol  equivalent  to  the  cost  of 
the  acid  win  be  obtained. 

Should  some  parts  of  the  alloy,  by  accident,  have  re- 
nuDBed  undissolved,  they  may  be  separated  by  decanta- 
lion,  and  reserved  for  the  next  repetition  of  the  process. 

[21  FhiL  Mag.  352, 

This  process  is  somewhat  of  a  kin  to  that  discover* 
cd  by  James  Keir,  Esq.  of  Birmingham.  Take  lOlbs. 
of  oil  of  vitriol :  dissolve  in  it  ilb.  of  nitre.  This  mix- 
tore  will  in  a  moderate  warmth  or  even  in  tlie  temperature 
of  a  warm  day,  dissolve  silver,  when  undiluted :  it  wip 
not  disscdve  goM,  [datina,  iron,  zinc,  or  nickel,  unless  it 
be  diluted.  This  is  an  useful,  because  a  cheap  jnrxress. 
Aqua  TCffSL  made  with  nitric  acid  is  dear  comparatively. 

ON    ROLLING  COPPER  INTO  PLATXS. 

• 

The  JaOtnving  met/wd  of  rolling  Copper  into  plates^  as 
practised  at  the  extensive  works  at  Taybach^  in  fFales, 
is  taken  from  Donovan^ s  Tour  through  South  fFales 
and  Monmouthshire. 

BEFORE  the  copper  is  converted  into  plates  or  bars, 
the  pig  of  metal  is  made  red  hot,  when  it  is  closely  beat- 
en together  under  the  hammer,  and  cut  into  pieces  of  the 
aiost  convenient  length  for  the  purpose  wanted,  by  shears 
moved  by  a  wheel.  Again,  those  pieces  are  conveyed  to 
the  furnace  when  they  become  red  hot  as  at  first    One 
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of  the  pieces  is  carried  at  a  time  to  the  flatting  mill^  n 
machine  not  much  unlike  the  rolling  press  of  a  cof^ier 
plate  printer*  The  two  cylinders  are  of  steel,  case-bar-* 
dened  and  secured  within  a  frame  of  iron.  A  man  stands 
on  each  side,  and  wliile  the  two  cylinders  revolve^  each  in 
a  contrary,  direction,  one  of  them  lifts  up  the  piece  of  led 
hot  copper  with  a  pair  of  tongs,  and  thrusts  it  between 
the  cylinders,  the  other  man  on  the  opposite  side  securing 
it  with  his  tongs  as  it  passes  through.  This  he  lifts  back 
again  over  the  upper  roller  to  the  first  man,  who  by  the 
assistance  of  a  strong  screw,  diminishes  the  distance  be* 
tween  the  two  cylinders,  in  ac6sx  to  widen  and  compress 
the  plate  still  more ;  when  it  is  conveyed  a  second  time 
between  them.  This  screw  is  turned  for  the  same  reasoa 
every  time  before  the  plate  passes  between  the  cylinders, 
and  thus  by  the  most  simple  process  imaginable,  the  plate 
is  gradually  reduced  as  thin  and  broad  as  the  workmen 
may  desire. 

By  means  of  a  similar  machine,  the  copper  is  weou^ 
«  il|i>  bars  instead  of  plates,  of  any  form  or  thickness,  with 
equal  facility.  For  Uie  latter  purpose,  the  smooth  sur&oe 
of  both  the  cylinders  are  alike  indented  with  eight,  ten, 
or  more  distinct  grooves,  all  which  di&r  firom  each  other 
in  width  and  depth.  The  series  commences  with  the 
largest  groove,  encircling  one  end  of  the  cylinder ;  the 
next  in  point  of  size  succeeds,  and  thus  they  diminish 
gradually  to  the  other  extremity  of  the  series,  which  ter- 
minates with  the  smallest  groove.  The  piece  of  cq)per 
bdng  heated  as  before  to  a  fiery  redness,  the  workmedP 
ibrce  it  between  the  first  or  largest  groove  of  die  adjusted 
cylinders,  where  it  receives  either  the  round  or  angulated 
form  of  the  groove  firom  the  compression  of  both  the 
cylinders,  as  readily  as  wax  in  a  common  mould.  Should 
it  be  necessary,  the  bar  is  conveyed  in  like  manner  pio- 
gressively  through  the  seccmd,  third,  or  fourth  groove,  or 
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tkoagh  the  whole  series,  till  it  is  reduced  to  theduckness 
tvnied,  the  length  being  increased  in  proportion  as  the 
bulk  ^minishes. 

The  copper,  after  receiving  its  proper  fintn  in  the  flat* 
ting  mills,  and  cooling,  is  of  a  dusky  black,  o[  iron  co- 
bur,  and  in  order  to  communicate  to  it  that  lively  hue 
wUdi  is  commonly  understood  to  be  the  true  comptezion 
of  dns  metal,  the  plate  or  bar  is  heated  again  for  the  last 
time  in  a  furnace,  and  when  red  hot  is  plunged  into  a  re- 
cess filled  witii  a  saline  liquor,^  where  it  assumes  that 
ecdsiir  in  a  few  moments,  and  being  withdrawn,  the  cop- 
per is  put  aside  as  being  finished  for  exportation. 

[3  Archioes^  14. 

To  Separate  Copper  from  Siioer. 

Sir— I  intended  to  have  deferred  the  present  commimi^ 
cgdoo  tin  such  time  as  I  should  have  it  in  my  power  to 
ky  bcfbre  the  public  the  complete  aeries  of  experiments 
m  which  I  have  been  engaged  with  regard  to  the  purifica* 
tioQ  of  gold  and  silver.  But  unluckily  I  mentioned  a|^ 
pvticular  circumstances  with  regard  to  them,  to  a  mail 
who  took  it  upon  him,  without  my  knowledge,  to  send  an 
aoooimt  of  diem  for  publication  to  a  periodical  work.  As 
luoderstand  that  work  will  not  appear  so  soon  as  youc 
next  number,  I  b^,  if  you  think  it  worthy  of  a  place,  tiiat 
you  irill  insert  the  following  account  of  some  attempts  I 
hare  been  making  to  purify  the  precious  metals« 

Being  much  at  a  loss  for  the  want  of  a  crueible  of  pure 
JBvcr  fiir  the  analysis  of  some  minerals,  and  as  all  the 
usual  methods  practised  for  purifying  that  metal  are  very 
tniid)lesonie,  I  set  myself  to  consider  the  various  opera- 
tions on  metals,  in  hopes  of  falling  on  a  more  simple  way 

*  Ib  Aikin's  Chemical  Dictionary,  it  is  stated,  that  this  fluid  is 
Vrina.  The  redness  which  the  cbpper  thus  acquires,  is  coosi^pi^ 
•d  hjr  the  merchant  as  one  mark  of  the  purity  of  the  ^et^l* 

Yqi.  m.  R 
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<£  aocomplishing  my  purpose.  At  kngdi,  I  found  a  pnu 
cess  X)f  Peiletier'S)  which  promised  to  succeed^  and  mine 
is  merely  extending  his  idea  a  little  further  than  he  dii) 
Jiimsel^ 

He  waS)  I  believe,  employed  by  the;  Fvirach  gpvenif 
3nent  to  discover  an  ^easy  way  of  separating  the  tin  £rom 
5:oppj^  on  bell-metal,  and  the  process  he  gsive,  is  tfaia^ 
Upon  the  melted  bell-metal  prcject  black  oxyd  of  ina% 
^nese  in  powder,  freqnendy  stirring  the  metal  till  afl 
the  tin  becomes  oxydated  by  die  manganese.  He  addi 
a  caution,  not  to  add  too  much  manganese  othem^  part 
of  the  copper  sdso  will  be  destroyed. 

It  immediately  struck  me,  that  in  tbds  way  I  m^gfat  be 
able  to  oxydate  the  copper  which  -alloys  our  silver,  and 
upon  making  the  trial  I  succeeded  completely :  I  had 
some  impure  silver  rolled  out  to  about  (he  Aickness  of  a 
:dullhig,  this  I  coiled  up  ^ptrally^  and  put  into  a  crucible^ 
the  bottom  of  wMch  was  covered  with  black  oxydoC 
foanganese;  I  then  added  more  oxyd  tiU  die  silver  wai 
Jfivered,  and  all  die  space  between  die  coils  completeljr 
filled.  A  cover  was  then  luted  to  the  crucible,  and  a 
^mall  hole  left  for  the  escape  of  oxygen  gas.  When  this 
had'beenexposedfora  quarter  tsf  an  hour  to  a  heat  suffi« 
>cient  to  mdt  silver,  I  foimd  die  sur&ce  of  the  mansonese 
l»rownfix)mlbe  loss  of  oxygen^  but,  where  the  silver  had 
been,  the  whole  was  one  unif(Hin  black  powder,  without 
the  least  appearance  <^  metallic  lustre,  to  that  I  had  no 
A)ubt,  that  even  the  silver  was  become  an  oxyd. 

\  then  put  the  whole  contents  of  die  first  crucible  intil 
tt  second  of  a  tai^  size,  into  die  bottom  of  which  I  puta 
^uantiQr  of  pounded  green  glass,  about  three  times  tbe 
bulk  of  die  contents  of  the  first  crucible,  and  luted  on  a 
cover  as  before,  to  prevent  the  access  <tf  any  inflammfthle 
substance. 
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The  crucible  was  then  exposed  to  a  lieat  sufficiently 
sboi^  to  mdt  the  glass  very  fluid.  Upon  cooling  and 
fanaking  the  crucible,  I  found  the  silver  at  the  bc^om 
perfectly  pure,  as  its  oxyd  alone  could  part  fix>m  its  oxy. 
gen  without  the  access  of  some  inflammatrfe  substance.  I 
find  dus  process  answers  equally  well  for  purifying  gold^ 
and  to  me  it  seems  to  possess  some  adv^itages  over  all 
Ac  fixnkr  methods.  The  materials  used  are  cheap,  ai  ^d 
abrge  quantity  can  be  refined  as  soon  and  as  easily  as  a 
imaU  quantity  y  by  merely  altering  the  capacity  of  the  cru- 
dhleyouuse. 

I  tried  the  same  operation  on  gold  and  silver  in  round 
Basses^  but  found  it  went  on  very  slowly,,  and  what  I 
Ksvcdy  expected^  in  the  first  part  of  the  process  of  oxy« 
datii^  the  metals^the  remaining  metal  continued  uniform- 
\j  impure  or  nearly  so,  until  the  whole  was  oxy  dated. 

I  T^ret  that  I  have  been,  forced  to  make  this  matter- 
poUic^  before  I  could  do  it  in  a  manner  satisfactory  fo 
myadL  I  wished  to  have  given  the  exact  proportions  of 
aAoy,  manganese,  and  glass  to  be  generally  used,  and  4b 
have  ascertained  if  there  is  any  trutii  b  the  old  opinion^ 
that  saltpetre  melted  with  gold  destroys  a  part  of  it  I  sup* 
pcae  that  idea  may  have  arisen  finom  the  oxygen  given  oiit 
by  Ae  nitre  in  a  lugh  heat,  oxygenatii^  the  copper  con- 
fedoed  in  the  impure  gold^,  which  has  been  the  subject  of 
fte  experiment. 

Since  the  above  was  written,  I  have  been  infisrmed  that 
ttis  matter  has  actually  been  published^  but  know  not  hi 
ivhat  work.  I  hope  you  will  still  have  the  goodness  to  in- 
sert this  as  an  original  commumcationy  as  I  do  not  think  the 
person  who  has  published  it  will,  have  the  impudence  to 
edl  it  his  own,  and  as  Mr.  Kirwan,  and  other  celebrated 
chemists  long  ago  advised  me  to  publish  it,  I  have  alreacfy' 
jBtited  my  reasons  for  not  following  such  good  advice. 
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As  I  have  now  been  forced  to  appear  before  the 
I  have  hopes  I  shall  be  able  to  prevail  on  some  of  sgr 
friends  to  commit  themselves  in  the  same  way,  in  the  coo- 
fidence  that  their  labours  will  be  foimd  useful  to  the 
public.~-I  am  Sir,  your's  truly, 

ANDREW  THOMSON. 
Bmchoftfy  hy  Aberdeen^  May  Sthy  1805. 

[11  Nich.  Jour.  125. 

Observations  on  the  Metallic  Composition  Jbr  the  Speeuk 
of  reflecting  Telescopes j  and  the  manner  of  casting 
them  :  alsOy  a  Method  of  communicating  to  them  any 
particular  Conoidal  Figure :  with  an  attempt  to  ex^ 
plain  on  scientific  principles^  the  grounds  of  each  Prth 
cess :  and  occasional  remarks  on  the  construction  of 
Telescopes.    By  the  Rev.  James  Little. 

There  are  but  few  things  produced  by  the  united  effort 
cf  mechanical  artifice  and  intellectual  labour,  which  have 
done  more  honor  to  the  ingenuity  and  invention  of  mant 
Ihw  the  reflecting  telescope ;  which  has  many  advan- 
tages over  any  of  the  dioptrical  kind,  notmthstanding 
their  improvement  by  acromatic  glasses.  It  will  bear  a 
greater  aperture,  and  may  be  made  to  magnify  more,  (as 
being  more  distinct,)  in  prop<»tion  to  its  length,  than  the 
others,  as  they  are  at  present  made ;  and  its  dinMaisions 
ttid  powers  are  unlimited*  What  its  excellence  is,  eqpe- 
pecially  the  Newtonian  construction  of  it,  has  been  prov- 
ed by  Dr.  HerscheD,  tohis  own  honor,  and  that  of  theagt^ 
and  countiy,  and  patronage,  which  encouraged  his  laboins.' 
Accordingly,  the  persons,  eminent  for  science  and  me- 
chanical ingenuity,  appear  to  have  felt  a  peculiar  and  dis- 
interested pleasure,  in  contributing  to  its  improvement ; 
and  the  late  discovery  of  a  metallic  composition  for  the 
imrrors  of  it,  which  will  bear  as  hig^  a  polish  as  ^M^ 
reflect  as  much  light  as  glas^  transmits,  and  endure  al« 
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mostcqually  well,  without  contracting  tarnish,  is  a  &r. 
4xr  encouragement  to  prosecute  its  improvement  to  per* 
fectkn. 

Among  others,  I  had  fcMinerly,  from  admiration  at  its 
contrivance,  bestowed  some  attention  on  the  mechanism 
of  tfab  instrument :  and,  as  it  would  have  spared  me 
some  expence  of  time  and  trials,  if  any  other  person  had 
jitfiously  suggested  to  me  the  hints,  which  I  am  to  re- 
late, I  imagine  they  will  be  of  use  to  others,  in  direct- 
ly or  assisting  the  course  of  their  labour,  in  the  same 
pursuit.     I  had  also  taken  some  pains,  to  understand  the 
merits  of  the  different  constructions  of  this  telescope : 
bat,  as  tiiis  enquiry  ended  in  a  convictic^,  thdt  the  New- 
tonian form  of  it  is  the  most  perfect  that  can  be  Jioped 
tat ;  (it  being  the  nature  of  its  great  author  to  po'severc 
in  his  researches,  till  he  had  arrived  at  a  complete  solution 
of  his  doubts,  and  comprehension  of  the  subject ;)  so  I 
have  only  to  report  what  resulted  from  my  experience  in 
the  mechanical  fabrication  of  it,  as  to  the  method  of  cast- 
ing the  mirrors,  and  communicating  to  them  the  proper 
figure. 

Befive  I  had  heard  of  the  improvements  of  the  Rev. 
Mr.  Edwards,  in  the  composition  of  the  specula  for  tele- 
scopes, I  had  made  many  experiments  myself  with  that 
view ;  which  lead  me  to  give  full  credit  to  hisreport  of  the 
superior  excellence  of  that  composition  which  he  recom- 
mends :  because  I  had  found,  that  the  qualities  of  hard- 
ness, whiteness,  and  indisposition  to  contract  tarnish,  ne- 
cessary to  a  speculum,  could  not,  by  any  admixture  that 
I  could  hit  upon,  be  produced,  unless  the  metal  were  so 
h^;hly  saturated  with  tin,  as  to  be  excessively  britde ;  and 
because  I  found  that  this  brittieness,  ho^vever  inconve- 
nient in  some  respects,  was  necessary  to  render  it  suscep- 
tible of  the  highest  polish :  for  no  metal  yet  known,  ex- 
cept  sted,  (which,  from  its  disposition  to  rust,  is  unfit  for 
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Ilus  purpose,)  will  take  as  high  a  polish  as  glass  will^  ii 
less  it  be  more  brittle  than  glass.  And  indeed  dus  pr 
perty  b  common  to  all  substances  which  we  know^.^A 
are  capable  of  such  polish :  they  must  be  very  hard^  an 
as  such,  brittle;  for  the  polishing  powder  empkjt 
would  stick  and  bed  itself  in  any  soft  metal^  instead  < 
cutting  and  polishing  it. 

From  the  result  of  my  trials,  I  contented  myself  w^ 
the  composition  menti(»ied  hereafter,  as  being  in  era 
respect  sufficient  for  the  purpose,  and  inferior  to  none  i 
whiteness,  lustre,  and  exemption  fix>m  tarnish  :  for,  as  1 
the  addition  of  silver,  I  found  that,  when  used  even  in  a  va 
small  quanitity,  it  had  an  extraordinary  property  of  re 
dering  the  metal  so  soft,  that  I  was  deterred  firom  emplo; 
ing  it :  and  unless  it  shaH  be  found  that,  without  th'is  t 
feet,  it  makes  the  metal  less  porous  than  otherwise  it  m^ 
be,  or  less  frail  and  britde,  I  am  certain  that  it  may,,  i 
every  other  respect,  be  dispensed  with*.  I  had  lio  ofipo 
tunity  to  try  it,  in  the  precise  quantity  Mr.  Edwards  r 
commends,  (though  I  did  so  before,  in  very  nearly  & 
proportion,  since  I  first  saw  his  memoir  on  that  siibjec 
Sir  Isaac  Newton  made  trial  of  a  very  small  portion  of  i 
and  found  the  same  effects  from  it  as  I  experienced :  bi 
it  is  possible,  that,  if  it  were  added  in  the  just  propoftii 
discovered  by  Mr.  Edwards,  it  would  be  an  improve 
ment,  and  useftil  ingredient,  in  the  compo^tion«* 

*  Haying  read  somewhere,  that  zinc  and  gold  made  the  bi 
speculum-metal,  I  tried  it ;  and  found,  that  the  zinc  was  subUm 
from  the  gold  in  fusion,  and  arose  to  the  top  in  the  crucible  fan 
ing  a  white,  hard,  spongy  mass.  The  metal,  called  tutanag^  is : 
for  specula,  when  melted  with  tin ;  but  I  am  certain,  that  what 
procured,  undet  the  name  of  tutanag,  was  a  mixture  of  brass  ai 
copper,  Sec. ;  for  the  zinC|  in  the  brass,  rose  from  it^  during  the  f 
idon,  in  white  flowers. 
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I  must  observe  here,  that  ametal,  not  liable  to  contract 

tmish  firom  the  ^,  is  otherwise  susceptible  of  it  acci« 

dottaOy :   when  there  happen  to  be  minute  holes  in  its 

miiDe^  caused  by  the  air,  or  sand,  &c.  in  casting  it.  Such 

ctrities  will  be  filled  with  the  dust,  or  rusty  solution  of 

the  brass,  in  grinding ;    which  will,  in  time,  become  a 

sort  of  vhrid,  and  act  on  the  contiguous  parts  of  the 

speculum,  producing  a  canker  in  it,  which  will  spread 

iafcnn  of  a  doud  of  tarnish,  around  each  cavity.    In 

sndi  a  case,  to  prevent  this,  I  would  advise,  to  lay  die 

ounor,  as  soon  as  polished,  in  warm  water,  and,  after  dxy« 

iogt  while  it  remains  heated,  to  rub  it  over  with  spirit- 

wriahy  firom  Mthich  it  may  be  cfeansed,  by  a  piece  of  fine 

Gdcd  dipped  in  spirit  of  wine.     The  varnish  will  remain 

in  die  cavities ;  and,  by  defending  the  impurities  in  them 

fiom  the  action  of  the  air,  will  probably  preserve  them 

torn  becoming  corrosive  to  the  metal. 

From  numerous  experiments,  of  the  qualities  of  di&r- 
cot  compositions,  made  by  several  persons,  it  appears, 
Aat  no  combinations,  of  any  other  metals  or  semi-metals, 
are  ft  fiv  specula,  except  those  of  copper,  brass,  tin,  sil- 
ver, and  arsenic.     I  tried  no  semi-metal,  except  the  lat- 
ter, idiich  whitens  copper,  and  unites  intimately  with  it : 
because  it  is  stated,  in  the  treatise  of  the  jirt  of  Assayings 
fay  the  observant  and  accurate  Cramer  ;  that  all  the  semi* 
metab  rise  in  flowers,  duruig  the  fusicxi :  which  would 
certainly  make  the  metal  porous.     On  this  account,  I 
would  have  rejected  the  brass,  because  of  the  zinc  con- 
tained in  it ;  but  that  it  seemed  to  render  the  composition 
winter,  and  less  apt  to  tarnish,  than  it  would  be  without  it. 
It  will  have  little  tendency  to  rise  in  flowers,  if  the  specu- 
lum, metal  be  fused,  witli  the  lowest  heat  requisite,  and 
if  the  brass  be  of  the  best  kind ;  because,  in  this,  the  zinc 
is  more  perfectly  united  with  the  copper,  and  both  are 
Vurer»    I  used,  for  this  purpo^,  the  brass  of  pin- wire  : 
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axK),  because  the  quantity  of  it  was  only  the  ooe-dgbdi 
part  of  the  copper  employed,  ivhich,  I  imagined,  would 
receive  too  fierce  a  heat,  if  put  alone  into  the  mehed  cop- 
per ;  I  first  added  to  die  brass,  in  fusion,  dboat  an  equal 
quantity  of  the  tin,  and  put  the  mass  cold  into  the  mdted 
copper ;  supplying  afterwards  the  remainder  of  the  tin, 
and  then  the  arsenic  ;  the  whole  being  generally  in  the 
following  proportion :  viz.  32  parts  best  bar  copper,  pre- 
viously fluxed  with  the  black  flux,  of  t^vo  parts  tartar,  and 
c»ie  of  niue,  4  parts  brass,  16  1-2  parts  tin,  and  1 1«4  ar- 
senic. I  suppose,  with  others,  that,  if  the  metal  be  gnu 
nulated,  by  pouring  it,  when  first  melted,  into  water,  said 
then  fused'a  second  time,  it  will  be  less  porous  than  at 
first. 

In  this  process,  whatever  metals  are  used,  and  in  what 
proportions  soever,  the  chief  object  is,  to  hit  on  the  exact 
point  of  saturation  of  the  copper,  &c.  by  the  tin.  For,  if 
the  letter  be  added  in  too  great  quantity,  the  metal  wH 
be  dull-coloured  and  soft ;  if  too  litde,  it  will  not  attain 
the  most  perfi^t  whiteness,  and  will  certainly  tarnish.  It 
is  loo  late  to  discover  the  imperfections  of  the  metal,  af« 
ter  the  mirrors  are  cast  and  polished ;  and  no  tokens  |^y« 
en  of  them  (that  I  know)  are  sufficiently  free  fix>m  ambi- 
guity. But  I  observed  the  following,  which  proved,  in 
my  trials,  at  first  view,  indubitable  marks  of  the  degree  of 
saturation ;  and  I  think  it  fit  to  describe  them  particular- 
ly, as  they  have  not,  to  my  knowledge,  been  noticed  by 
•thers. 

When  the  metal  was  melted,  and  before  I  poured  it  in- 
to the  flask,  I  always  took  about  the  quantity  of  an  ounce 
of  it,  with  a  small  ladle,  out  of  the  crucible,  and  poured 
it  on  a  cold  flag;  and  observed  the  following  appear*, 
ances: 

First..  If  die  metal  assumed,  in  cooling,  a  lively  Uuc^ 
€r  purple  colour,  commonly  intermixed  with  cloudsyoc 
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shades  of  green  or  yellow ;  and  if,  when  broken,  the  face 
of  the  fracture  exhibited  a  silvery  whiteness,  as  bright 
and  glistening  as  quicksilver,  without  any  appearance  of 
grain,  or  inequality  of  texture;  then  the  degree  of  sa- 
turation  of  the  metal,  with  the  tin,  was  complete  and  per- 
fect. 

Sectp.dly.  If  the  surface  of  the  metal  became  of  a  dun 
ormouse  colour,  and  especially  if  of  a  brown  or  red ;  and 
when  broken,  the  fracture  exhibited  a  more  yellow,  or 
tawny  hue,  than  that  of  quicksilver ;  then  the  quantity  of 
dn  in  the  composition  \vas  deficient,  and  it  was  necessaiy 
to  add  more.* 

Thirdly.  If  the  colour  was  an  uniform  dull  blue,  like 
kad,  where  broken,  discovered  a  dull  colour,  with  a  coarse 
grain,  like  facetts ;  the  due  saturation  was  exceeded,  and 
diere  was  an  over  proportion  of  tin  in  the  metal. 

These  colours  would  be  more  distinct,  if  a  small  quan^ 
tky  of  the  metal  were  cast  in  a  flask,  which  had  been  pre- 
viously smoaked,  by  a  candle,  made  of  resin  mixed  mth 
taUow  in  whiph  way  I  used  to  prepare  the  moulds.  I 
anribute  the  formation  of  the  colours  to  this :  that^  as 
die  calx  of  every  metal  has  its  own  peculiar  colour,  sa» 
the  heat  of  the  melted  mass,  calcining  some  of  the  parti* 
des  on  its  surface,  wi  ach  arc  in  contact  with  the  air, 
these  display  tlie  colour  of  the  calces  of  those  ingredients 
wtuch  prevail  in  the  composition.  Whence,  it  may  be 
expected,  that,  if  the  copper  is  the  redundant  metal,  the 
mass  will  exhibit  a  reddisli  tinge,  which  is  appropriate  to 

*  This  can  always  be  done  by  degrees,  and  without  any  trou- 
Me,  till  the  point  of  saturation  is  found ;  whereas,  if  too  much  tin 
vere  added  at  first,  there  would  be  a  necessity  for  melting  more 
copper  separately,  and  repeating  the  whole  process :  and  differ- 
^  specimens  of  copper  will  require  different  proportions  of  tin  ; 
M  that  the  due  quantity  can  never  be  known^  a/irioriy  hut  on  trial 
«nl)r. 
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the  calx  of  copper ;  and,  if  the  tin  be  prevalent,  a  bludsh 
die  ought  to,  appear.  Either  of  these  colours,  therefae, 
appearing  unmixed,  shews  the  redundance  of  that  metaly 
to  which  each  belongs.  And,  as  brass,  when  cast  alone, 
has  always  a  yellow  tinge,  so,  when  these  three  colours 
are  exhibited  in  a  cloud-like  mixture,  they  shew  an  equa- 
lity and  due  proportion  of  their  respective  metals  in  the 
composition.  When  too  large  a  mass  of  the  metal  is  cast 
together,  its  intense  and  lasting  heat  calcines  the  surface 
so  deeply,  as  (when  exposed  to  the  air)  to  obscure  the  co- 
lours ;  so  tliat  a  small  quantity  will  best  serve  to  exhiUt 

them. 

As  to  the  metliod  of  casting  the  mirrors,  it  lias  been  di- 
rected, to  leave  the  ingate,  or  superfluous  part  of  the  cast, 
so  large,  as  to  contain  a  quantity  of  metal,  equal  to  that  in 
the  mirror  itself ;  which  would  occasion  a  great  waste  of 
it,  and  render  it  not  easy  to  cast,  at  once,  more  than  one 
mirror  in  each  mould ;  and  even  this  might  be  done  so 
injudiciously  as  not  to  afford  security  against  a  miscar- 
riagcof  the  cast.  But  it  will  appear,  that  this  great  quan- 
tity of  metal  and  incommodious  manner  of  casting  it,  are 
by  no  means  necessary.  However,  a  judgment  cannot 
be  formed,  of  what  may  be  the  safest  and  most  eligible 
method  for  casting  the  mirrors,  unless  it  be  considaned, 
what  are  the  circumstances  attending  this  operation,  in  the 
case  of  malleable  metals ;  and  how  the  management  of 
speculum-metal,  in  diis  respect,  must  differ  from  that  of 
them  :  since  there  must  be  peculiar  difficulty  in  casting, 
in  sand,  a  metal  more  brittle  than  glass. 

When  any  fused  metal  is  poured  into  die  flask,  the  ex- 
ternal parts  of  it,  which  are  in  contact  with  the  mouU, 
congeal  and  harden  sooner  than  tlie  internal  parts,  and 
form  a  solid  shell,  filled  with  the  rest  of  tlic  metal,  in  a 
fluid  state.  This  will,  consequently,  remain  in  a  state  of 
greater  expansion,  from  its  heat,  than  the  external  crust ; 
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and  its  particles  will,  in  the  act  of  shrinking  as  it  cools, 
recede  from  one  another,  as  being  more  easily  separable, 
and  cohere,  on  each  side,  with  the  particles  already  fixed 
and  grown  solid :  by  which  means  a  vacuum  will  be 
formed  in  the  middle,  and  this  will  be  gradually  filled  by 
the  superincumbent  metal,  which  lias  been  later  poured  in, 
and  remains  longer  in  a  fluid  state.  But,  when  there  is 
no  more  metal  supplied,  the  void,  wliich  was  in  this  way 
latest  formed,  remains  unfilled ;  and  then  tlie  shell  of  the 
metal,  adjacent  to  the  vacuum,  as  yet  remaining  soft,  and 
unable  to  bear  the  weight  of  the  atmosphere,  resting  on  it, 
sinks,  and  is  pressed  down  into  the  vacuum :  by  which 
means,  a  pit  or  cavity  will  be  constantly  and  necessarily 
farmed  in  the  face  of  the  cast,  in  that  part  of  it  which  was 
last  congealed ;  whicli  cavity  will  commonly  be  larger 
or  smaller,  in  proportion  to  the  quantity  of  metal  in  the 
cast. 

The  event  will,  in  this  respect,  be  the  same  with  specu- 
lum-metal, as  it  is,  in  the  case  of  that  which  is  tough  and 
malleable :  only  that,  as  the  former,  in  cooling,  arrives 
sooner  at  its  natural  state  of  hardness  and  brittleness,  its 
external  solid  shell  will  not  bend,  but  break,  and  £di  into 
the  void  part  under  it ;  and  tlius  form  cracks,  or  abrupt 
chasms,  ia  the  places,  where  tougher  metals  would  con- 
tract only  regular  depressions.  And  also,  when  the  body 
of  the  cast  is  small,  ch*  the  mould  is  so  damp  or  cold,  as 
to  congeal,  not  only  the  surface,  but  the  substance,  of  tlic 
cast  too  soon,  and  thus  prevent  a  gradual  influx  of  the  fluid 
metal,  to  keep  the  central  part  as  distended,  as  the  exte- 
rior shell  was,  when  it  became  fixed ;  the  farther  contrac- 
tion of  the  interior  parts  of  this  brittle,  refiactory  metal, 
after  it  has  become  solid,  will  be  apt  to  form  rents  in  it, 
because .  its  substance  will  not  bear  extension,  without 
rupture. 


140  Specula. 

It  would  be  ail  obvious  remedy  of  the  above  incoa- 
venience,  if  there  could  be  contrived  a  reservoir  of  fliud 
metal,  to  descend  into  the  interior  part  of  the  cast,  and  fiB 
up  the  void  made  in  it,  as  fast,  and  as  long,  as  it  b  fonn- 
ing  by  the  contraction  of  the  metal.  Now,  this  is  eflfected, 
by  having  a  jet  or  appendage  to  the  cast,  of  such  a  size, 
fonn,  and  posidon,  as  will  be  effectual  to  retain  the  metd, 
composing  it,  in  a  state  of  fluidity  ;  and  also  to  sufier  k 
to  descend  into  the  interior  of  the  cast,  until  all  parts  of 
the  same  become  fixed,  and  incapable  of  receiving  any 
farther  influx  of  metal.  For  thus,  all  the  imperfections, 
that  would  otherwise  be  in  the  cast  itself,  will  now  exist 
only  in  the  appendage  to  it,  which  is  a  supemumeraiy 
part,  to  be  afterwards  separated  from  it.  This  appendage 
ought  to  be  of  the  form  of  a  prism,  and  as  nearly  that  of  a 
cube,  as  the  operation  of  moulding  it  in  the  sand  will  per- 
mit ;  fcnr,  in  this  gross  shape,  the  metal  in  it  will  be  the 
longer  cooling.  It  sliould  be  connected  with  that  part  of 
the  mirror,  wliich  is  uppermost  in  the  flask,  and  joined  to 
it  by  a  neck,  equal  in  tliickncss  to  the  edge  of  the  mirror, 
(but  so  posited,  that  the  face  of  the  mirror  may  project  a 
litdc  above  it),  and,  in  breadth,  about  twice  the  tluckness. 
This  neck  ought  to  be  as  short  as  ix)ssible,  i.  e.  just  so  as 
to  permit  it  to  be  nicked  round  with  the  edge  of  a  file,  in 
order  to  break  off  the  prism  fix)m  the  mirror  when  cast: 
for  thus  the  heat  of  the  large  contiguous  body  of  the  prism 
will  keep  the  neck  fix)m  congealing ;  which,  if  it  happen- 
ed, would  stop  the  liquefied  metal,  in  die  prism,  from  run- 
ning down  into  the  mirror.  And,  to  prevent  this,  the 
prism  ought  not  to  form  directly  a  piirt  of  the  main  jet  or 
ingate,  by  which  the  metal  is  poured  into  the  flask  ;  for 
so  the  jet  would  cool  sooner  tlian  the  large  mass  of  the 
mirror,  and  bear  off  the  weight  of  the  atmosphere,  which 
ought  to  prcss  on  the  fluid  metal  in  tlie  prism  underneath, 
and  force  it  down  mto  the  mL-ror,  to  fill  up  all  vacuities 
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jnit  Bodi  Ae  prism  and  the  minnr,  therefore,  ought  to 
be  filled  hy  a  lateral  channel,  opening  (from  the  principal 
ji^ate)  into  the  top  of  the  prism ;  which  latter  should  be 
formed  broad  and  flat,  and  not  taper  upward,  like  a  pyra- 
mid, lest,  by  cooUng  where  it  grows  narrow,  it  might  form 
a  solid  arch  and  oppose  the  pressure  of  the  atmosphere. 
When  it  b  fashioned  as  here  directed,  and  made  of  a 
bulk  equal  to  a  third  or  fourth  part  of  the  mass  of  the  mir- 
roTy  or  even  a  fifth  or  sixth  part,  when  the  mirrors  are  of 
laige  size  there  will  ever  be  found  in  the  top  of  the  prism, 
after  the  metal  is  cast,  a  deep  pit  or  cavity  which  contain- 
ed die  metal  that  had  ran  down  into  the  mirror,  after  the 
outer  shell  of  the  mirror  and  sides  of  the  prism  had  become 
solid  and  congealed ;  and  the  mirror  itself  will  be  found 
ferfect,  without  any  sinking  or  cavity ;  which  could  only 
be  fiormed  by  an  injudicious  disposition  of  the  jet  or  ap- 
pendage, permitting  the  metal  in  it  to  freeze  sooner  than 
the  whole  mass  in  the  mirror,  and  thus  stopping  its  de- 
scent into  it  If  several  mirrors  be  cast  together,  in  the 
same  flask,  there  must  be  such  a  separate  appendage  made 
to  each  of  them. 

In  this  manner  I  have  (without  a  failure  in  any)  cast 
many  mirrors  of  ^fierent  sizes,  and  sometimes  several  of 
them  together  in  one  flask.  But  very  small  ones,  such  as 
the  little  nunx»^  for  Gregorian  telescopes,  cannot  be  cast  in 
tins  manner ;  for  their  masses  being  but  small,  they  cool 
too  quickly  to  receive  any  additional  infusion  of  metal ; 
and  their  outer  edges,  suddenly  forming  a  solid  incom- 
pressible arch,  the  central  parts,  in  contracting  towards  it 
on  every  side,  separate,  and  are  rent  asunder.  And  this 
has  happened,  even  when  I  cast  them  in  brass  moulds 
made  red  hot :  on  which  account  I  have  been  obliged  to 
form  them  out  of  pieces  of  the  metal,  cast  in  long 
thin  ingots  or  bass ;  which,  by  nicking  them  across 
with  a  file,  could  be  easily  broken  into  square  pkc^^,^ 
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whose  comers  could  be  taken  off,  and  rounded  in  the 
same  manner. 

I  do  not  repeat  tlie  other  precautions  to  be  observed  in 
tliis  process,  which  have  been  already  so  well  and  saga- 
ciously described  by  the  Rev.  Mr.  Edwards ;  but  the 
circumstances  above  mentioned,  a  prudent  attention  to 
which  is  in  my  opinion  essentially  necessary  to  the  suc- 
cess of  it,  are  not  to  be  collected  from  any  directions  pub- 
lished on  the  subject  that  are  known  to  me.  And  though 
particular  artists  may,  by  large  experience,  arrive  at  a 
sufficient  knowledge  in  this  matter  for  their  own  practice ; 
yet,  to  render  that  knowledge  general,  and  to  contribute 
as  far  as  I  could  to  the  improvement  of  this  instrument  in 
in  any  hands,  being  the  design  of  this  essay,  I  thought  it 
necessary  to  state  the  above  particulars  fuUy ;  though  I 
doubt  not  that  these,  as  well  as  other  matters  of  moment 
in  the  operation,  are  known  to  many  who  chuse  not  to 
make  them  public.  Thus  the  great  skill  in  the  constric- 
tion of  the  telescope,  acquired  by  Mr.  Short,  seems  not  to 
have  been  transmitted  to  any  successor. 

16  Nich.  Jour,  SO. 

I  do  not  insert  the  rest  of  this  valuable  paper,  because 
it  relates  merely  to  the  method  of  grinding  the  specula : 
those  who  are  interested  in  the  construction  of  optic  glas- 
ses, will  do  well  to  refer  to  it.  I  have  made  Edw^'s 
speculum  metal,  and  with  a  small  proportion  of  silver  in 
it,  I  think  it  would  be  applicable  to  many  other  purposes. 
The  polish  and  the  colour  are  excellent. 

In  the  report  of  Elias  Boudinot,  Esq.  on  tlie  mint  1796^ 
1797,  it  is  said  that  the  beauty  of  gold  coin  is  improved 
by  making  the  alloy  two  thirds  copper,  and  one  third  sil- 
ver. 

"  Copper  preci/Mtated  by  Tin.  An  intelligent  corres- 
pondent, Mr.  CoHard  of  Birmingham,  the  proprietor  of 
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::  a  chemical  laboratory  in  that  neighbourhood^  in  whicli 
many  articles  necessary  to  the  arts  and  manufactures  of 
dus  kingdom  are  prqiared  on  a  very  large  scale,  has 
communicated  to  us  a  new  fact  well  worthy  of  the  atten- 
zi  dan  of  chemists. 
!  i;  "  Contrary  to  the  common  tables  of  affinities,  he  finds 
that  copper  may  be  precipitated  from  its  solution  in  the 
sulphuric  acid  by  tin.  All  that  is  necessary  to  the  suc- 
cess of  the  experiment  is,  that  the  solution  be  nearly  at 
the  boiling  point,  or  actually  boiling,  when  the  tin  is  put 
into  iL  The  tin  made  use  of  ought  to  be  in  filings  or  in 
leaf,  or  reduced  to  thin  firagments  by  pourmg  it,  when  in 
ioMon,  into  cold  water. 

^  To  the  enlightened  chemist  we  need  not  point  out  die 
ezperiments  suggested  by  this  new  and  curious  fact,  and 
the  important  results  to  which  it  may  ultimately  lead. 
If  copper  and  tin,  by  a  mere  diiference  in  the  temperature 
of  the  soluticm,  may  be  made  mutually  to  precipitate  each 
odier,  it  is  not  impossible  that  the  order  of  affinities  with 
respect  to  other  meUils  for  the  different  acids  may  also  be 
bvcrtfid  by  circumstances  connected  uith  temperature. 
Should  any  such  results  be  obtained,  they  will  be  produc- 
tive of  incalculable  advantages  in  many  intricate  cases  of 
analysis.     The  diffi^rent  results  obtained  in  apparently 
simibr  experiments,  by  equally  accurate  cliemists,  may 
peihaps  have  been  owing  in  some  cases  to  the  existence 
of  such  a  law  as  we  now  allude  to." 

24  P/iilos.  Mag.  284. 

Brazing.  The  solderhig  or  joining  two  pieces  of  iron 
together  by  melting  brass  between  the  pieces  to  be  joia- 
ci  Clean  well  the  edges  of  the  iron.  Take  wliat  is  cal- 
led spelter  solder  :  or  finely  granulated  brass,  or  brass 
dust,  mix  it  up  ^vith  pulverized  glass  of  borax  into  a  con- 
astence  by  means  of  water.  Smear  with  it  the  place  to 
Ijc  brazed,  and  hold  it  over  tlie  flame  of  a  cltaieovA.  Y\xc> 
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without  touching  the  coals,  till  the  brass  is  tndted :  or 
fuse  with  a  blow  pipe. 

I  do  not  recollect  at  present,  any  further  communicatioQ 
of  consequence  on  the  subject  of  Copper^  except  the  fol- 
lowing. 

Glazed  Copper  and  Iron  Fessds. — ^A  Mr.  Hicklin 
some  years  ago  obtained  a  patent  for  glazing  iron  and  cop- 
per kitchen  utensils ;  this  can  be  done  either  with  thecom* 
mon  compositicMi  for  Queen's  ware  (the  conunon  yellow- 
i^  white  pottery)  or  with  the  other  receipts  g^ven  bf 
Mr.  Hicklin,  which  I  ^ve  as  under :  the  queen's  ware  is 
composed  of  3  parts  by  weight  of  good  clay  wdl  ground, 
and  washed,  and  one  part  of  burnt  flint  in  fine  powder; 
it  is  glazed  with  a  compo^ticm  consisting  of  100  parts 
white  lead,  S:5  parts  ground  flinty  and  5  piots  ground 
flint  glass,  which  contains  about  one  fifth  of  lead. 

HickUn*s  compositions  are  these :  6  parts  calcined 
flint,  2  parts  white  granite,  9  parts  litharge,  6  parts  borax, 
1  part  clay,  1  part  nitre,  6  parts  calx  (oxyd)  <rf'  tin,  1 
part  potash. 

In  thb,  the  white  granite,  probably  means  the  decom- 
posed feldtspar  of  the  granite,  such  as  abounds  near  Phi- 
ladelphia and  Baltimore  :  some  of  the  other  fluxing  ingre- 
cUents  might  be  omitted,  as  the  potash  for  instance,  but 
they  are  not  very  expensive. 

Or,  8  parts  calcined  flint,  8  parts  red  lead,  6  parts 
borax,  5  parts  calx  of  tin,  1  part  nitre. 

Or,  12  parts  white  granite,  8  parts  borax,  10  parts 
white  lead,  2  parts  nitre,  1  part  of  white  marble  lime,  1 
part  clay,  2  parts  pearl  ash,  5  parts  calx  of  tin. 

Or,  4  parts  calcined  flint,  1  part  white  granite,  2  parts 
nitre,  8  parts  borax,  1  part  white  marble  calcined  (that  is, 
lime),  half  a  part  clay,  2  parts  calx  of  tin. 

(The  calx  of  tin  is  made  by  calcining  in  with  heat  ex- 
posed to  the  air ;  by  fusing  it  with  nitre,  or  by  precip- 
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tkdi^  it  from  muriat  of  tin,  or  by  calcining  it  by  diges* 
&)o  with  nhric  acid.  In  London  there  are  persons  who 
deal  m  white  enamel,  for  the  use  of  clock  and  watqh  mak- 
ers, and  who  make  a  trade  of  calcining  their  tin  which  is 
the  chief  part  of  the  composition ;  the  flux  bdng  borax 
and  flint  glass,  and  I  believe  a  little  white  arsenic. 

Eidier  of  these  formulas,  are  to  be  well  mixed  and  then 
fbsed.  While  in  fusion  they  are  to  be  poured  out  on  a 
dean  iron  or  cq)per  plate,  and  when  cold,  ground  to  a 
powder,  passed  through  a  sieve,  again  lev^ted  with 
water,  to  which  mucilage  is  to  be  added  to  keep 
de  powder  suspended.  With  this  paste  the  inside  of  the 
Tesad  is  to  be  smeared :  when  dry  to  be  again  slightly 
sonred  over :  then  exposed  to  a  heat  sufficient  to  melt 
die  composition ;  the  vessel  thus  coated  must  be  cooled 
gradually. 

I  Imve  used  of  these  vessels  with  great  satisfaction* 

T.  C 
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Oi  tkt  making  of  Starch.    By  Mr,  James  Gr  aham,  ofBetvnek^ 

u/ion-Tweed, 

STARCH  may  be  made  from  a  rariety  of  articles  :-^potatoes, 
iA  particular,  will  yield  a  considerable  quantity ;  but  the  great  la- 
btwr  attending  grinding  or  grating  them  down  has  hitherto  prc- 
mited  any  great  quantity  of  starch  being  made  fr6m  that  veg^elable. 
When  the  jiotatoes  arc  grated  down,  they  do  not  require  to  be  laid 
intteep  to  ferment  after  the  manner  of  flour,  but  must  be  immedi- 
itely  strained  through  a  sieve ;  and  if  the  potatoes  are  of  a  good 
quality,  the  starch  will  settle  to  the  bottom  al.most  instantly :  in- 
deed the  operation  of  straining  after  the  potatoes  are  grated  down 
cUnot  be  performed  too  quickly.  The  produce,  however,  evc^ 
fawn  the  best,  is  far  less  than  most  people  woald  imagine ;  the 
^  potatoes  I  ever  used,  only  produced  4  or  4^  stones  of  starch 
bam  40  stones  of  potatoes. 

Vol.  III.  T 
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Potatoe  starch  is  not  saleable  in  the  shops,  not  having  so  kng 
and  firm  a  grain  as  starch  from  flour ;  but  if  properly  made  is  prt? 
ferable  to  all  others  for  blue-makers,  as  it  melts  or  dissolves  m 
easily,  and  incorporates  with  the  colour  with  far  less  trouble  tfan 
any  other  substance  whatever. 

When  starch  is  made  from  flour,  the  wheat  is  not  gromid  m 
small  as  when  intended  for  sale,  but  ground  with  a  broader  fiag  or 
bran,  as  the  meal  and  starch  are  found  to  separate  more  readily 
from  the  bran.  When  laid  in  to  steep,  as  much  water  muti 
be  used  as  to  wet  completely  the  whole  meal ;  in  three,  fiMir,  or 
five  days  it  will  ferment,  and  in  a  few  days  more  will  settle,  and  all 
fermentation  cease :  after  tliis,  the  stuff  is  fit  to  be  what  b  called, 
washed  out. 

The  common  time  allowed  to  steep  is  fourteen  or  twenty  days: 
as  much  depends  on  the  temperature  of  the  weather,  the  ezsct 
time  cannot  be  ascertained ;  but  it  is  much  better  to  lie  a  few  days 
longer  than  to  be  washed  out  one  day  too  soon.  This  operatkn  is 
performed  by  the  stuff  being  taken  from  the  vats  and  put  into  a 
strong  round  basket,  which  is  set  across  a  tub  below  a  pump :  oDfr 
or  two  men  keep  going  round  the  basket  stirring  up  the  stuff  with 
strong  wooden  shovels,  called  stirrers,  while  another  keeps  pump- 
ing water  till  all  the  meal  is  completely  washed  from  the  braii, 
which  is  emptied  into  some  convenient  place  to  feed  hog^ :  this 
operation  is  continued  till  the  vats  are  emptied  of  the  whole  stuff, 
at  the  same  time  that  it  is  strained  through  the  basket  into  the 
tub  underneath.  As  fast  as  the  tub  fills,  it  is  taken  out  and  strutt- 
ed through  hair  sieves  into  what  are  sometimes  called  squares,  by 
others,  frames.  It  is  then  suffered  to  rest  twenty-four  hours,  when 
the  water  is  drawn  off  the  frame  by  plugs  fixed  at  different  depths. 
A  thin  stuff  is  then  found  to  float  above  the  starch,  which  is  takes 
oft*  by  a  tray  nuuie  of  a  particular  form  for  that  purpose :  thb  is 
called  slimes,  and  is  put  into  a  cistern  to  feed  hogs,  by  being  nux- 
ed  with  the  bran  or  grains :  fresh  water  is  then  pumped  into  the 
squares,  and  the  whole  is  wrought  up  with  the  stirrers  till  it  b 
completely  incorporated  with  the  water;  it  is  then  strained 
tiirough  a  fine  silk  sieve,  and  suffered  to  rest  and  settle  twentj- 
fbur  hours,  when  the  water  is  again  drawn  off,  and  some  more 
slimes  vtill  be  found  floating,  or  at  least  in  a  loose  and  unsetUed  states 
on  the  top  of  the  starch ;  which  being  carefully  removed,  fresb 
water  is  again  pumped  on  the  starch,  and  the  whole  is  again 
wrought  up  as  before  \  when  it  is  again  put  through  the  silk  aicTe. 
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Bk  mm  suffered  to  rest  for  some  daysf— say  four  or  five^— till  the 
rtirch  is  again  settled  in  a  very  firm  state  at  the  bottom  of  the 
iqpisre.  It  is  necessary  to  observe,  if  the  starch  is  wanted  to  be 
wImi  is  commonly  called  Poland,  that  is,  with  the  blue  shade ; 
duinpctiie  last  time  of  putting  through  the  silk  sieve,  a  certain 
qputil^  of  the  very  best  smalts  must  be  mixed  with  the  starch. 
flf  tiM  amalta  are  very  good,  2lb.  per  cwt.  may  do,  and  sometimes 
Sh^  sccording  to  the  depth  of  blue  wanted :  if  the  best  smalts  are 
not  «ed|  however  fine  the  colour  may  appear  when  in  a  damp 
Me,  it  will  entirely  fly  off  in  the  stove,  and  leave  the  starch  of 
idiagey  hue. 

When  the  starch  is  found  to  be  completely  settled,  the  water  is 
igun  drawn  off;  and  if  any  more  slimes  are  still  on  the  top  they 
Me  tikenoff  as  before,  and  the  starch  is  now  fit  for  boxing.  It  is 
Mcsssary  to  observe,  that  the  slimes  taken  off  after  the  starch  has 
ben  pat  through  the  silk  sieve  are  not  put  into  the  hog-wash,  but 
lie  either  mixed  with  some  other  operation,  or  again  wrought  up 
lith  water  and  strained  through  the  silk  sieve  \  when  a  consider- 
able part  of  them  ^1  be  tolerably  good  starch. 

The  boxes  may  be  made  of  different  sizes ;  but  they  are  com- 
aooly  about  four  feet  long,  six  inches  deep,  and  twelve  inches 
biQsd,  and  are  bored  full  of  holes,  so  that  any  remaining  water 
Biy  drain  from  the  starch.  Thin  canvass  is  cut  in  such  length 
■id  braadth  as  to  line  all  the  inside  of  the  box,  the  intention  of 
vhich  is  to  bring  the  starch  clean  from  the  box  after  the  water  is 
faUy  drained. 

The  boxing  is  performed  by  digging  the  starch  out  of  the 
iqiuie  with  a  spade  or  shovel,  and  filling  the  boxes.  The  length 
tf  time  far  the  starch  being  in  the  boxes  can  ocXy  be  ascertained 
bf  the  starch  coming  to  a  hard  solid  body,  which  is  sometimes 
iMBer  and  sometimes  longer.  The  starch  is  then  taken  from  the 
bases  by  turning  them  bottom  uppermost  on  a  table  or  dresser ; 
it  b  then  broken  into  pieces  about  four  or  five  inches  square,  by 
hjing  a  ruler  or  round  piece  of  wood  underneath  the  starch,  giv* 
ingtbe  upper  side  a  cut  across  with  a  knife ;  when  a  small  press 
«f  the  hand  will  break  the  starch  into  such  pieces  as  are  designed. 

It  is  then  set  upon  soft  bricks,  that  is,  bricks  which  have  been 
ttif  half-burned  in  the  kihi :  the  intention  of  this  is  to  suck  tha 
^irater  out  of  the  starch ;  which  if  not  done  before  it  is  put  into  the 
suttei  it  is  apt  to  dry  into  various  hard  substances  called  hamy» 
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nrhich  will  not  melt  when  it  comes  to  be  used ;  so  tliat  it  will  not 
answer  for  blue-makers,  nor  for  the  purpose  of  the  launiiry. 

When  sufficiently  dried  on  the  l^ricks  it  is  put  into  the  storey 
(wluch  is  nearly  the  s;une  as  a  su gar-bake r's,)  where  it  remaini 
some  time ;  the  duration  must  depend  on  the  judgment  of  thf^  ma- 
ker, and  the  degree  of  heat  in  the  stove.  It  is  then  taken  out  and 
set  on  a  table  pr  dresser,  when  all  the  sides  ^re  carefully  scttped 
or  pared  with  a  thin  knife ;  after  which,  it  is  tied  up  in  paper  the 
same  asf  we  see  ;t  in  the  shops ;  when  it  is  again  reti^n^  into  the 
stove,  ai>d  continued  witl|  a  regular  heat  night  tapd  day  till  ccm-^ 
pletely  dry :  it  requires  some  days,  but  the  length  of  time  can  only. 
be  asce^ts^npd  by  aq  experienced  maker. 

It  n^ay  be  necessary  to  qbaerye,  that  from  the  fir^t  laying  in 
the  meal  to  steep,  till  the  last  operation  of  taking  from  the  stove 
to  be  weighed,  the  manufacture  is  constantly  under  the  survey  o( 
«ne  or  more  officers  of  excise. 

19  PhiloBophical  Magazine  J  p.  164, 
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A  PLANT  contains  water;  that  is  hydrogen  and  oxygens 
Carbon^  that  is  charcoal :    Hydrogen^  usually  combined  with  the 
charcoal,  and  giving  out  light  and  flame  when   the  vegetable  is 
burnt,  as  carburetted  hydrogen :   Vegetable  acidy  that  is   carbon, 
bydrogen,  and  oxygen :    Potaaa^  whence  derived  or  how  formed 
I  know  not :    earths  and  salts  in  small  and  accidental  quantities, ' 
deposited  as  I  apprehend  from  the  fluids  taken  up  by  the  roots) 
these  are  not  found  uniformly,  either  in  kuid  or  quantity,  and  th^ ' 
vary  in  both  respects  with  the  nature  of  the  soil  and  of  the  ma*^ 
nure.    Thus,  the  calcareous  earth  found  in  potatoes,  and  the  sili- 
tcous  earth  found  in  the  scouring  flag,   in  the  straw  of  grain,  in 
the  jointe  of  reeds  and  canes,  &c.  can  hardly  be  considered  as  es- 
ticntial  parts  of  vegetable  Substance,  any  more  than  the  nitre  m 
*  borage,  in  tobacco,  &c.  whicii,  if  the  vegetable  organization  cannot 
decompose,  must  exist  deposited  in  its  proper  form. 

Hydrogen,  oxygen,  and  carbon  then,  are  the  principal  oompo- 
ppnt  parts  of  vegetables :  even  potash  seems  not  essential  to  all 
vegetables,  inasmuch  as  the  resinous  plants  contain  it  in  very  snpll 
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fKf^KftiatMA  indeed.    Thus  the  ashes  of  pine,  are  worthless  in  our 
fimiJies. 

The  loots  of  a  plant,  do  not  seem  capable  of  taking  up'  and 
amcTing  to  the  sap  vessels,  any  solid  substance.  Hence,  ma- 
pabulum  can  only  consist  of  such  substances  as  being 
of  hydrogen,  oxygen,  and  carbon,  all  three,  or  any  two 
are  capable  of  watery  solution,  and  also  of  being  decom* 
fQwd  by  the  powers  of  vegetable  organisation. 

Of  these  three  principles,  carbon  is  the  first  in  importance,  as 
fanbg  so  large  a  part  of  the  solid  substance  of  a  plant.  But  the 
■litioii  of  carbon  in  water  cannot  be  effected  alone,  and  it  seems 
%  hat  remained  as  a  desideratum  in  chemical  agriculture,  till  the 
apeiiments  of  Arthur  Young,  Esq.  of  which  I  am  about  to  give 
m  account. 

Id  the  43d  volume  of  the  Annals  of  Agriculture,  p.  433,  there 
lit  paper  by  the  editor,  A.  Young,  Esq.  on  the  effect  of  sixty-four 
nixtares  of  substances  intended  as  manures,  on  plants  of  barley. 
The  mixtures  to  be  sure  are  not  very  scientifically  combined,  but 
there  is  no  material  objection  that  I  sec,  to  the  general  results  of 
Ihe  experiments.  They  were  made  in  1803.  The  paper  is  long, 
Ithall  therefore  extract  only  the  result:  premising,  that  No.  16 
CQuisted  of  half  an  ounce  of  powdered  charcoal,  and  half  an  ounce 
rf  powdered  pearl  ash,  in  three  quarters  of  a  pint  of  water,  well 
ihUen  for  six  hours. 

No.  3 1  was  half  an  ounce  cut  stntw  steeped  in  putrid  stable 
l)riBs  for  three  days. 

Mo.  64  is  nothing  but  nitre  with  excess  of  acid  ;  being  equal 
vaults  of  pearl  ash  and  aqua  fortis,  in  double  tlie  weight  of  wa* 
ter. 

His  notion  that  the  good  effect  of  muriat  of  soda,  common  salt, 
btobe  attributed  to  the  soda  alone,  is  manifestly  owing  to  imper- 
fect notions  of  chemistry,  and  physiology.  The  paper  is  dosed 
^  the  following  observations,  which  I  present  to  the  reader. 

**  06t^rva/ion«.— -.That  the  result  may  appear  in  a  more  simple 
livuier,  I  shall  throw  the  numbers  into  the  order  of  merit,  adding 
together  the  number  of  grains  and  the  weight  of  the  straw. 
No.  16  Pearl  ash  and  charcoal  fluid         -        -  715 

31  Straw  steeped  three  days  -  -        473 

19  Holkhamloam  -  -  -  320 

64  Pearl  ash  and  epifit  of  nitre        -  -        296 

€0  Soda  «  -  -  -  29V 
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No.  41  Soot              •            "  389 

33  Chalk  and  salt            -           •  -            369 

35  Gjrpsum              .            -            -  .        244 

61  Bajraalt  ....        212 

22  Salt            -            -            -            -  .       196 

27  Straw  steeped  IS  hours  ->  -  193 
21  Salt            -            -            -            -  -       isa 

25  Straw  steeped  3  hours  •  -  188 
17  Flegloam            •            -           .  -         185 

33  Chalk  and  salt            -            -  -            177 

37  D(7.  gypsum  and  spirit  of  hartshorn  177 
63  Mag;nesia  ....  177 
24  Salt             •             .             .  -             167 

14  Pearl-ash                -                -  -             167 

36  Chalk  and  gTpsum           -           -  -        164 

23  Salt  -  -  -  •  151 
59  Nitre        -                -                .  .          148 

15  Pearl-ash  and  charcoal  dry            -  -         146 

34  Chalk            -            -            •  -             145 

35  Gypsum            -            -            -  -        144 

28  Spirit  of  hartshorn        -        -  -         142 

62  Iron  filings               -             -  -            14(> 

26  Dry  straw  -  -  -  139 
20  Salt  -  -  -  -  136 
13  Charcoal  -  -  -  -  128 
57  Bottle  5  -  -  -  123 
44  Salt            -                -                -  -         105 

39  Soot            -                -            .  -             96 
2  Spirit  of  wine            -            -  -              95 

29  Spirit  of  hartshorn        -        -        -  -        93 
8  Bottle  No.  2                ^            .  -            92 

-.  48  Salt                -                .            .  -            92 

40  Soot             -             -             -        -  -          88 
6  BotUe  No.  I            -            -  -            87 

42  Gypsum               -               -  -            84 

54  Chalk  and  hartshorn               -  •            82 

47  Gypsum 79 

52  BotUe  No.  5-           -                -  -            78 

1 1  Ditto  No.  4                -                -  -          78 

4Si^ritofwine                -                -  -           77 

55  Bottle  No.  5                -            -  .76 

38  Chalk  and  spirit  of  wine       :       -  :       74 
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No.  SO  Spirit  of  hartshorn               •  «           73 

50  Spirit  of  wine          •        -  •                69 

56  Charcoal  and  spirit  of  hartshorn  •        -    63 

49  Spirit  of  wine         •        -            -  «        -     63 

3  Spirit  of  wine        •            -  .        .         60 

1  No  manure            ....  •    57 


9  Bottle  No.  2        -  -  •        .  55 

7  Ditto  No.  1  .  -  -  -  54 

12  BottleNo.  1  -        -  •  -  48 

5  Spirit  of  wine        ....  -  46 

10  Bottle  No.  4        -  ....  28 

58  Ditto  No.  5  -  -         -  -  28 

45  Salt 26 

5  3  Gypsum  and  bottle  No.  3         ...  25 

48  Bottle  No.  5  -  -        -  -  17 

18  Poor  sand        -  ...  -  11 

Remark  I.  If  this  experiment  had  ascertained  no  more  than 
I  solubility  of  charcoal  in  water  by  means  of  pearl-ash,  the  Ume  • 
(ployed  would  not  have  been  lost.  Ingenhouz  says,  it  is  totally 
cduble  in  water.  Mr.  Davy  however  knows  better— *he  observes^ 
t  hot  soap^lees  will  dissolve  some  ;  and  that  potash  and  pearl- 
\  have  9ome  effect  in  rendering  charcoal  soluble  in  water.  (Lec^ 
fj.  Darwin  hints  at  it  (240).  Dr.  Thompson,  in  his  Che- 
stry,  speaks  of  its  probability.  It  is  not  improbable.  Senebieri 
It  pure  alkalis  dissolve  a  small  quantity  ;  but  not  when  combiU'* 
vith  acids.  III.  155.  In  another  passage  it  is  insoluble  in  f9a« 
I  and  tht  alkalies  alone  have  the  fiower  qf  dissolving  some  partis 
t.  III.  57.  From  reading  these  and  other  passages,  and  from 
r.  Kirwan  declaring  that  to  discover  the  means  of  rendering 
ircoal  soluble  ui  water,  was  the  great  desideratum  reiqntcting 
Hares,  I  concluded  that  the  result  was  at  least  very  doubtful—* 
t  of  such  complete  success,  I  had  no  comprehension.  It  appears 
it  mixed  in  water,  and  applied  in  such  a  loam,  the  solution,  effec- 
6  as  a  manure>  takes  place ;  as  the  pearl-ash  alone,  and  the  char- 
i  alone,  (though  both  good  manures)  have  an  effect  far  inferior. 
n.  That  straw  steeped  in  urine  should  act  powerfully  is  not 
prising ;  but  I  did  not  expect  that  dry  straw  would  have  had 
effect  of  more  than  doubling  the  fertility  of  the  soiL  Manjr  re- 
ikms  relative  to  the  application  of  dung  in  a  fresh  or  rotten  state. 
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will  occur  to  the  reader  on  this  fact.  The  superiority  of  No.  30  to 
3 1  in  the  turnips  is  remarkable,  and  shews,  that  however  powerful 
urine  is  for  one  crop,  its  effect  quickly  goes  off. 

III.  The  result  of  the  several  applications  of  common  salt  is 
remarkable.  Chalk  and  salt  have  an  uncommon  effect,  and  from 
ihe  soda  alone  having  so  great  a  power,  it  seems  evident  that  in  the 
composition  of  murlat  of  soda,  it  is  the  soda  to  which  we  are  to  at- 
tribute the  benefit.  The  various  portions  of  salt  tried  (for  the  in- 
quiry is  particularly  interesting),  and  their  general  result,  do  not 
seem  to  permit  any  doubt  of  its  efficacy  as  a  manure. 

The  largest  quantity  applied,  having  the  effect  in  the  turnips  of 
counteracting  a  great  drought,  is  remarkable. 

IV.  The  nitrate  of  potash,  whether  in  a  state  of  solution  or  solid, 
has  a  great  effect^  but  in  the  former  case  much  superior  to  the  lat* 
tcr. 

V.  In  eveiy  application  sulphat  of  lime  is  beneficial )  the  sin- 
gle exception  of  No.  53  is  so  complex,  that  it  does  not  merit  atten- 
tion, especially  as  the  quantity  of  spirit  of  wine  was  large. 

VI.  In  the  experiments  I  made  many  years  ago,  spirit  of  irine 
was  almost  uniformly  mischievous  or  useless.  I  had  reflected  of- 
ten on  a  result  which  was  so  contrary  to  all  expectation^  and  con* 
eluded  that  I  must  have  applied  the  substance  in  too  large  quand* 
lies.  This  year  I  lessened  them  considerably ;  and  the  result  ift 
much  more  favourable :  but  here  one  tea^spoonful  is  better  than 

^  four  ;  and  half  and  quarter  better  than  three.  However,  its  being 
beneficial  in  five  cases  out  of  six,  shews  that  it  ife  an  inquiry  which 
merits  further  prosecution. 

VII.  Spirit  of  hartshorn  appears  to  advantage,  and  as  the  three 
pots  No.  28,  29,  and  30,  are  in  the  succession  of  diminished  quan- 
tities, it  shews  that  the  smallest  applied  might  have  been  too  great 
for  the  first  crop. 

But  I  forbear  adding  more  remarks— here  are  too  many^  for  this 
Umore  properly  the  readers' work,  whose  conclusions  maybe  ve- 
ry different  from  mine." 

I  think  this  set  of  experiments  may  reasonably  be  pursued; 
and  the  effect  of  charcoal  dissolved  in  alkali  in  various  proportioos 
as  well  with  heat  and  without^  be  usefully  compared  both  asto 
efiPect  and  economy.     T.  C. 
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E  already  treated  this  subject  in  mjr  last  number :  but 
it  of  great  importance,  as  well  as  the  making  of  mor* 
I  shall  treat  of  probably  in  my  next,  I  have  carefully 
Bergman's  essay  de  laterum  eoctione  rite  itutUuenia^ 
>.  336,  and  the  article  Bricks  in  Reea'a  and  in  the  Edin* 
swster's)  Encyclopedia.  I  shall  therefisre  copy  ths 
e,  adding  some  further  observations  of  ray  own. 

,  a  kind  of  facitious  stone^  made  of  argillaceous  earth* 
loulds,  and  baked  in  kilns,  or  dried  in  the  sun. 
ibstance  is  now  in  very  common  use  as  a  material  fat 
ind  its  importance,  in  many  cases,  as  a  substitute  for 
enerally  acknowledged.  It  is  lighter  than  stone,  and 
set  to  attract  damp  and  moisture ;  and  from  the  quan* 
re  now  made  in  Britain,  its  manufacture  has  become  a 
e  object  of  revenue  to  the  state. 

of  brick  making  consists  chiefly  in  the  preparing  and 
)f  the  clay,  and  in  the  burning  of  the  bricks ;  and  as  the 
he  ware  depends  very  much  upon  the  right  perform- 
Be  operations,  we  shall  present  our  readers  with  a  short 
:he  general  process  of  this  manu&cture.  The  earth 
making  bricks  is  of  a  clayey  loam,  neither  abounding 
1  argillaceous  matter,  which  causes  it  to  shrink  in  the 

in  sand,  which  renders  the  ware  heavy  and  brittle.  As 
xsfore  it  is  wrought,  u  generally  brittle  and  full  of  ex* 
atter,  it  should  be  dug  two  or  three  years  before  it  is 

by  being  exposed  to  the  action  of  the  atmosphere^  it 
Rciently  mellowed  and  gulverised,  and  thus  facilitate 
m  of  tempering.  At  anfCflNi,  it  should  always  have  one 
»st ;  but  the  longer  it  lies  exposed,  and  the  xstxart  it  is 
r  and  wrought  with  a  spade,  the  better  will  be  the 

npering  of  the  clay  id  performed  by  the  treading  of 
m,  and  in  some  places  by  means  of  a  ^y  milL  If  the 
le  performed  by  treading,  which  itf  i&%  ^ommoii  waji 
s  thrown  into  shallow  pits,  where  it  is  v^Fpught  and  in* 
together  until  it  is  formed  into,  a  homwepeous  paatei 
cilitated  by  adding  noi0r  and  Aen  smiU  qualities  of 

U 
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water ;  but  the  less  water  that  is  used,  the  substance  of  the  clar 

I 

will  be  more  tough  and  gluey,  and  consequently  the  bricks  will  j 
be  smoother  and  more  solid.  This  operation  is  the  most  labori«  , 
'  ous  part  of  the  process ;  but  it  is  of  essential  importance,  and  ! 
therefoi^e  ought  to  be  done  well ;  for  it  is  to  the  negligence  of  the 
manufacturers  in  this  respect,  that  we  are  to  attribute  the  bad 
quality  of  our  modem  bricks,  which  are  often  light  and  spongy, 
and  full  of  cracks.  Whereas,  if  the  clay  be  properly  tempcredi 
they  are  hard,  ponderous,  and  durable  ;  much  stronger  and  better 
fitted  for  every  kind  of  building,  than  those  made  in  the  common 
way.  This  will  appear  very  evident  from  the  following  experi- 
ment  of  M.  Gallon.  Having  taken  a  quantity  of  brick-earth,  tern-  | 
pered  in  the  usual  way,  he  let  it  remain  exposed  to  the  air  for  se- 
ven hours,  and  then  caused  it  to  be  moistened  and  beaten  for  tbe 
apace  of  half  an  hour :  the  next  morning  the  operation,  was  repeat- 
ed ;  and  in  the  afternoon  the  clay  was  again  beaten  for  fifteen  Bii- 
nutes  more ;  making  the  whole  additional  labour  an  hour  and  a 
quarter.  The  bricks  made  of  this  earth  being  dried  in  the  air  for 
thirteen  days,  and  burned  along  with  the  rest  vrithout  any  parti- 
cular precautions,  were  found  to  be  not  only  heavier  than  com- 
mon bricks,  but  also  very  difierent  in  strength ;  for  on  placmg 
their  centre  on  a  sharp  edge,  and  loading'both  the  ends,  M.  GaUon 
found,  that  while  it  took  a  weight  of  65 lb.  at  each  end  to  break 
them,  other  bticks  were  broken  by  the  weight  of  only  35lb.  The 
improvement  in  the  quality  of  the  article  thus  far  exceeds  the  ad- 
ditional labour^  '  and  none  would  hesitate  to  give  an  additional 
price^  since  both  the  value  and  the  comfort  of  our  dwellings  de- 
pend so  much  on  the  quality  of  the  materials  of  which  they  are 
^constructed. 

The  next  part  of  the  process  is  the  moulding  of  the  bricks. 
This  is.a  very  simple  operation,  and  requires  very  little  skill,  un- 
less it  be  to  make  the  greatest  number  in  the  shortest  time ;  and 
the  day's  labour-of  a  handy  workman,  employed  from  five  in  the 
xnoming  until  eight  at  night,  is  calculated  at  about  5000.  The 
clay  is  brought  to  the  moulder's  bench  in  lumps  somewhat  larger 
than  will  fit  the  mould.  The  moulder,  having  dipt  his  mouM  inlt 
dry  sand,  works^'the  clay  into  it,  and  with  a  fiat  sniuoih  stick  strikes 
o£P  the  superfluotis  earth.  The  bricks  are  then  carried  *  to  the 
back,  and  there  ranged  with  g^at  regularity  one  above  the  otheri 
a  little  diagonally,  in  order  to  g^ve  a  free  passage  to  the  air.  The 
hacks  are  usually  made  eight  bricks  high  \  and  wide  enough  fir 
two  bricks  to  be  placed  edgewise  across^  with  a  passage  betweea 


Bricks.  155 

le  heads  of  each  brick.  In  fine  weather  a  few  days  are  sufficient 
I  make  them  dry  enough  to  be  shifted ;  which  is  done  by  turn* 
ig  them,  and  resetting  them  more  open ;  and  in  six  or  eight  days 
Mxe  they  are  ready  for  the  fire. 

Bricks  in  this  country  are  generally  baked  either  in  a  damper 
I  a  kiln.  The  latter  is  the  more  preferable  method,  as  less  waste 
niesi  less  fuel  is  consumed,  and  the  bricks  are  sooner  burnt 
*he  kiln  is  usually  13  feet  long,  by  10^  feet  wide,  and  about  12 
»t  in  height  The  walls  are  one  foot  two  inches  thick,  carried 
p  a  little  out  of  the  perpendicular,  uiclining  towards  each  other  at 
ic  top.  The  bricks  are  placed  on  flat  arches,  having  holes  left 
I  t  em  resembling  lattice-work ;  the  kiln  is  then  covered  with. 
ieces  of  tiles  and  bricks,  and  some  wood  put  in,  to  dry  them  with 
gentle  fire.  This  continues  two  or  three  days  before  they  are 
eady  for  burning,  which  is  known  by  the  smoke  turning  from  a 
irkbh  colour  to  transparent.  The  mouth  or  mouths  of  the  kiln 
re  DOW  dammed  up  with  a  ahinlogy  which  is  pieces  of  brick  piled 
ae  upon  another,  and  closed  with  wet  brick  earth,  leaving  above 
just  room  sufficient  to  receive  a  fag^t.  The  faggots  are  made 
rfurze,  heath,  brake,  fern,  &c.  and  the  kiln  is  supplied  with  these 
Dtil  its  arches  look  white,  and  the  fire  appears  at  the  top ;  upon 
hich  the  fire  is  slackened  for  an  hour  and  the  kiln  allowed  gra* 
dally  to  cool.  This  heating  and  cooling  is  repeated  until  the 
ricka  are  thoroughly  burnt,  which  is  generally  done  in  48  hours, 
kne  of  these  kilns  will  hold  about  20,000  bricks. 

Clamps  are  also  in  common  use.  They  are  made  of  the  bricks 
lemselves,  and  generally  of  an  oblong  form.  The  foundation  is 
lid  with  filace  bricks  or  the  driest  of  tliose  just  made,  and  then 
le  bricks  to  be  bunit  are  built  up,  tier  upon  tier,  as  high  as  the 
lamp  is  meant  to  be,  with  two  or  three  Inches  of  breeze  or  cinders 
trewed  between  each  layer  of  bricks,  and  the  whole  covered  with 
thick  strata  of  breeze.  The  fire-place  is  perpendicular  about 
iree  feet  high,  and  generally  placed  at  the  west  end ;  and  the 
nea  are  formed  by  gathering  or  arching  the  bricks  over,  so  as  to 
save  a  space  between  each  of  nearly  a  brick  wide.  The  flues 
on  straight  through  the  clamp,  and  are  filled  with  wood,  coals, 
nd  breeze,  pressed  closely  together.  If  the  brieka  are  to  be  burnt 
E  quickly,  which  may  be  done  in  20  or  90  days,  according  as  the 
reather  may  suit,  the  flues  should  be  only  at  about  six  feet  dis- 
ince ;  but  if  there  be  no  immediate  hurry,  they  may  be  placed 
ine  feet  asunder,  and  the  clamp  left  to  bum  off  slowly.  Coke  has 
ien  recommended  as  a  more  suitable  fuel  than  either  coal  or  wood 
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for  this  manufacture,  both  with  rc^rd  to  the  expcnce,  and  the 
proper  burning  of  the  brickb ;  for  if  this  substance  be  applied,  the 
flues  or  empty  places  of  the  pile,  as  well  as  the  strata  of  the  fudi 
may  be  considerably  smaller ;  which,  since  the  interference  of. the 
legislature  with  regard  to  the  measurement  of  clamps,  is  no  aniaD 
consideration ;  and  as  the  heat  produced  by  coke  is  more  uiuibnB 
and  more  intense  than  what  is  produced  by  the  other  materials,  the 
charge  of  bricks  has  a  better  chance  of  being  burnt  perfectly 
throughout,  so  that  the  whole  saving  may  be  calculated  at  least  at 
32  per  cent. 

Mr.  Goldliam  observes,  that  bricks  will  have  double  the 
strength  if,  after  one  burning,  they  be  steeped  in  water  and  burned 
afresh.  <'  The  excellency  of  bncks,"  says  Mr.  Malcolm,  in  his 
Compendium  of  Modem  Husbandry j  ^  consists  chiefly  in  the  firtt 
and  last  operations— -in  the  tempering  of  the  clay,  and  in  the  bun- 
ing  of  the  bricks ;  and  as  every  man  who  has  occasion  to  uie 
bricks,  whether  on  his  own  estate,  or  on  that  of  his  landlord,  can- 
not but  be  senuble  of  the  great  value  of  a  perfectly  dry  house; 
and,  as  it  is  impossible  a  house  can  be  dry  if  bricks  are  used  which 
are  insufficiently  burnt,  he  will  do  well  to  consider  whether  it  irill 
be  more  advantageous  to  him  Id  the  end,  to  make  use  of  the  very 
best  hard  sound  bricks,  be  the  colour  of  them  what  they  may,  and 
be  the  cost  of  them  what  they  will.  Such  bricks  are  easily  knomi 
by  their  sound,  and  by  their  striking  fire  with  steel."  For  a  vbatt 
minute  account  of  the  various  processes  of  brick-making,  we  must 
refer  our  readears  to  that  author,  from  whom  much  of  the  pre- 
ceding information  has  been  extracted. 

Bricks  are  made  in  various  forms ;  but  those  which  are  made 
for  sale,  and  are  in  common  use  for  building,  aro  required,  by  act 
ef  parliament,  to  be  not  less  than  8^  inches  long,  3}  tlnck,  and  4 
inches  wide.  Thero  are  also  square  bricks,  for  pavement  or  6c* 
ing  walls ;  and  cutting  bricks,  which  aro  used  for  arches  over 
doors  and  windows,  being  rubbed  to  a  centre,  and  guaged  to  a 
height.  Various  improvements,  however,  have  of  late  beta  made 
in  the  moulding  of  bricks;  and  asthe  use  of  this  article  is  daily  be- 
coming more  prevalent,  they  are  now  formed  so  as  to  suit  afanoit 
every  purpose  in  building.  Among  these  improvements,  the 
patent  bricks  of  Mr.  Cartwright  deserve  particular  attentioB. 
These  bricks  are  formed  with  a  groove  down  tlie  middle,  a  littfe 
more  than  half  the  width  of  the  side  of  the  brick,  leaving  two 
shoulders,  each  of  which  will  be  ncariy  equal  to  one  half  of  ths 
groove.    When  these  bricks  are  laid  in  courses,  the  shoolden  if 
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tie  fint  course  fit  into  the  grooves  of  the  second,  and  the  shoulders 
f  the  second  &11  into  the  grooves  of  the  first,  thus  forming  an  in- 
iSBted  line  of  nearly  equal  divisions.  The  g^rooves,  however, 
oght  to  be  somewhat  wider  than  the  two  adjoining  shouldersy  to 
tkm  for  mortar,  &c.  The  construction  of  these  bricks  is  perfisct- 
f  simple ;  but  the  principle  will  be  preserved,  in  whatever  form 
i  indenture  they  may  be  made  to  lock  into,  or  cramp  each  other. 
Irkk  walls,  constructed  upon  this  principle,  require  no  bond  tim- 
er; one  universal  bond  connecting  the  whole  building,  which  can 
either  crack  nor  bulge  out  without  breaking  through  the  bricks 
iiemselves.  This  invention  is  also  particularly  useful  in  the  con- 
tmction  of  arches ;  and  when  employed  for  this  purpose,  the 
boolders  of  the  bricks  and  the  sides  of  the  grooves  should  be 
iffi  of  the  circle,  of  which  the  intended  arch  is  a  segment.  It  is, 
lowever,  recommended,  that  if  the  arch  be  particularly  flat,  or  ap- 
lied  in  utuations  which  do  not  admit  of  end  walls«  to  have  the 
boulders  dove*tailed,  to  prevent  the  arch  cracking  across,  or  giv- 
Bg  way  edgewise.  In  forming  an  arch,  the  bricks  must  be  coursed 
croes  the  centre,  and  a  grooved  side  of  the  bricks  must  hce  the 
rorkmen.  The  bricks  may  be  either  laid  in  mortar,  or  dry,  and 
le  interstices  afterwards  filled  up  by  pouring  in  lime-putty,*  Paris 
luter,t>r  any  other  convenient  material.  The  obvious  advaiita- 
;es  of  arches  constructed  upon  this  principle,  are,  that  the  same 
entre,  which,  whatever  be  the  breadth  of  the  arch,  may  be  in  no 
aie  many  feet  wide,  may  be  regularly  shifted  as  the  work  pro- 
eedi ;  and  as  they  have  no  lateral  pressure,  they  reqtiirc  no 
butments  to  prevent  their  expanding  at  the  foot,  nor  any  weight 
ipoD  the  crown  to  prevent  their  springing  up.  They  may  be  laid 
ipoD  a  common  perpendicular  wall,  and  if  used  in  the  constioic- 
ion  of  common  buildings,  they  will  not  only  preclude  the  nece:s- 
by,  and  save  the  expence  of  timber,  but  will  also  afibrd  an  abao- 
iitc  security  against  the  possibility  of  fire. 

A  new  invention  in  the  formation  of  bricks,  by  M.  Legressier,^ 
IAS  lately  been  announced  in  the  Jirchtuet  det  Decouvertea  ct  det 
!mveniions  MnruelUsj  ficndant  l*annee  1 809.  The  principle,  how- 
ivcr,  is  merely  that  of  Mr.'  Cartwright's,  followed  out  to  a  greater 
actent  than  has  perhaps  ever  been  done  in  this  country.  M.  Le- 
ptasier  proposes,  that  the  bricks  should  be  formed  in  seven  dif- 
ierent  moulds,  according  as  they  are  to  be  placed  in  the  middle 
r  OQ  the  exterior  of  the  walls ;  in  the  bottom  or  on  the  top ;  in 
he  arches  or  in  the  comers :  and  by  the  propeif  ^position  of 
licae  bricks  in  the  building,  every  pressure}  either  lon^tadiknaVVf 
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or  laterally,  is  resisted,  in  proportion  to  the  strength  of  the  iDden- 
tures  by  which  they  are  locked  together. 

Besides  the  place  bricks  and  grey  and  ]*ed  stocks^  which  are 
used  in  common  builduig,  there  are  marlc  facing  bricksy  cutting- 
brickS}  fire  bricks,  and  floating  bricks.     The  first  of  these  are  of  • 
iine  yellow  colour,  hard  and  well  burnt ;  they  are  made  in  tho 
neighbourhood  of  LfOndon,  and  are  used  in  the  outside  of  buildingi. ' 
The  cutting  bricks  arc  made  of  the  finest  kind  of  marie ;  ,and,  at 
we  have  already  observed,  are  employed  in  the  construction  of 
arches  over  windows  and  doors.    Fire  bricks,  sometimes  called 
Windsor  bricks,  because  an  excellent  kind  of  them  are  made  at 
Hedgesley,  a  \illage  near  Windsor.    They  contain  a  large  pro- 
portion of  sand,  and  will  stand  the  utmost  fury  of  fire,  and  are  cod* 
sequently  used  for  coating  furnaces,  and  lining  the  ovens  of  glass- 
houses.   Clay  for  fire  bricks  is  got  at  most  great  collieries,  but  par-^^ 
ticularly  at  Stourbridge,  which  produces  the  best  clay  for  this  pur- 
pose in  England.    Floating  bricks  are  a  very  ancient  invention : 
they  are  so  light  as  to  swim  in  water ;  and  Pliny  tells  us,  that  they 
were  made  at  Marseilles,  at  Colento  in  Spain,  and  at  Pitane  in  Asia. 
This  invention,  however,  was  completely  lost,  until  M.  Fabbroni 
published  a  discovery  of  a  method  to  imitate  the  floating  bricks  of 
the  ancients.    According  to  Posidonius,  these  bricks  were  made 
of  a  kind  of  argillaceous  earth,  which  was  employed  to  clean  silver 
plate.     But  as  it  could  not  be  our  tripoli,  which  is  too  heavy  ta 
float  in  water,  M.  Fabbroni  tried  several  experiments  with  minend 
agaric,  guhr,  lac-lunae,  and  fossil  meal,  which  last  was  found  to  be 
the  very  substance  of  which  he  was  in  search.  This  earth  is  abun- 
dant in  Tuscanyi  and  is  found  near  Casteldelpiano,in  the  territories 
of  Sienna.    According  to  the  analysis  of  M.  Fabbroni,  it  cooststs 
of  55  parts  of  siliceous  earth,  15  of  magnesia,  14  of  water,  12  of 
arg^,  3  of  lime,  and  one  of  iron.    It  exhales  an  argillaceous  odoar, 
and  when  sprinkled  with  water  throws  out  a  light  whitish  smoke. 
It  is  infusible  in  the  fire,  and  though  it  loses  about  an  eighth  part 
of  its  weight,  its  bulk  is  scarcely  diminished.    Bricks  composed 
of  this  substance,  either  baked  or  unbaked,  float  in  water ;  and  t 
twentieth  part  of  arg^l  may  be  added  to  their  composition  with- 
out taking  away  their  property  of  swimming.    Theae  bricks  re*    ^ 
sist  water,  unite  perfectly  with  lime,  are  subject  to  no  alteratioft    ' 
from  heat  or  cold,  and  the  baked  differ  from  the  unbaked  only,  in 
the  sonorous  quality  which  they  have  acquired  from  the  fire. 
Their  strength  is  little  inferior  to  that  of  common  bricks,  but  moA 
greater  in  proportion  to  their  weight ;  for  M.  Fabbrom  found,  thit 
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t  Hotting  brick,  measuring  7  inches  in  length,  4t  in  breadth,  and 
me  inch  eight  lines  in  thickness,  weighed  only  14^  ounces; 
vheretiy  a  common  brick  weighed  5  pounds  6|  ounces.  The 
tte  of  these  bricks  may  be  very  important  in  the  construcdon  of 
fnvder  magazines  and  reverberating  furnaces ;  as  they  are  such 
hd  conductors  of  heat,  that  one  end  may  be  made  red  hot,  while 
the  other  b  held  in  the  hand.  They  may  also  be  employed  for 
boiUings  that  require  to  be  light ;  such  as  cooking  places  in  ships, 
lod  floating  batteries,  the  parapets  of  which  would  be  proof  against 
red  hot  bullets.  The  turrets  which  were  raised  on  the  sliips  of 
tlie  tncients,  says  M.  Fabbroni,  were  perhaps  formed  of  these 
bricks;  and  perhaps  they  were  employed  in  the  celebrated  ship, 
lent  by  Hiero  to  Ptolemy,  which  carried  so  many  buildings,  con- 
sisting of  porticoes,  baths,  halls,  &c.  arranged  in  mosaic,  and  oma- 
aented  with  agates  and  jasper. 

Bricks  appear  to  be  of  the  highest  antiquity ;  and,  as  we  learn 
iram  sacred  history,  the  making  of  them  was  one  of  the  operations 
to  wluch  the  children  of  Israel  were  subjected  during  their  servi- 
tude in  Egypt.  The  bricks  of  the  ancients,  however,  so  far  differed 
from  ours,  that  they  were  mixed  with  chopped  straw  in  order  to 
iMDdthe  clay  together,  and  instead  of  being  burned  were  commonly 
dried  in  the  sun.  Vitruvius  recommended,  that  they  should  be 
exposed  in  the  air  for  two  years  before  they  were  used,  as  they 
could  not  be  sufficiently  dry  in  less  time  ;  and  by  the  laws  of  Utica, 
M)  bricks  were  allowed  to  l)e  used,  unless  they  had  lain  to  dry  for 
five  years.  Yvora  Dr.  Pocock's  description  of  a  pyramid  in 
Egypt,  constructed  of  uiiburnt  bricks,  it  appears  that  the  Egyp- 
tian bricks  were  nearly  of  the  same  shape  as  our  common  bricks, 
but  rather  larger.  Some  of  those  he  measured  were  13}  inches 
long,  6}  broad,  and  4  inches  thick ;  and  others  1 5  inches  long,  7 
broad,  and  4l  thick.  The  bricks  used  by  the  Romans  were  hi 
general  square ;  and  M.  Quatrcmere  dc  Quincy  observes,  that  in 
bis  researches  among  the  antique  buildings  of  Rome,  he  found 
them  of  three  different  sizes.  The  least  were  7\  inches  square, 
*nd  Jthick  ;  othei's  16j-  inches  square,  and  from  18  to  20  lines  In 
thickness ;  and  the  larger  ones  22  inches  square,  by  21  or  22  lines 
^ick.  Among  the  celebrated  buildings  of  antiquity,  constructed 
^^  brick,  were  the  tower  of  Babel,  and  the  famous  walls  of  Baby 
^  reckoned  by  the  Greeks  among  the  wonders  of  the  world ; 
^e  walls  of  Athens,  the  house  of  Croesus  at  Sardis,  and  the  walls 
^  the  tomb  of  Mausolus.  The  paintings,  which  were  brought 
^^  Lacedxmon  to  Rome,  to   ornament   the  Comilium  \tv\.Vv^ 
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edileship  of  Varro  and  Murena,  were  cut  fixnn  walls  of  bricks 
and  the  Temple  of  Peace,  the  Pantheon,  and  all  the  Thennc» 
were  composed  of  this  material.  The  Babylonian  Imckii  wluch 
are  in  the  possession  of  the  East  India  company,  and  upon  which 
Dr.  Hayes  has  lately  favoured  the  public  with  a  disseitatioiii  alt. 
inscribed  with  various  fig;ure8  and  characters,  and  are  supposed bf 
some  to  be  a  part  of  that  brick  work,  upon  which  Pliny  tells  ns 
that  the  Babylonians  wrote  the  observations  which  they  made  of 
the  stars  for  seven  hundred  and  twenty  years. 

To  the  above  article  I  would  add  the  following  remarks : 

1st.  The  floating  bricks  therein  mentiond,  I  understand  are 
made  by  an  admixture  of  pumice  dust  with  the  clay. 

2d.  It  is  worth  while  to  try  clay  intended  to  be  used  as  brick 
earth.  If  it  contain  coarse  sand,  it  ought  by  all  means  to  be  waflb« 
ed,  that  the  small  stones  may  subside :  indeed  washing  and  grind- 
ing clay,  as  the  common  potters  do,  would  be  a  great  improTe- 
ment  on  the  quality  of  brick  earth. 

3d.  It  should  be  tried  if  it  contain  small  pardcles  of  limestooe; 
for  if  it  do,  the  fire  will  blister  and  crack  the  brick  by  driving  out 
the  carbonic  acid  of  the  limestone.  This  may  be  done  by  boiling 
an  ounce  or  two  of  the  clay  taken  from  separate  parts  of  the  htf^ 
with  a  mixture  of  half  water  and  half  spirits  of  salt,  or  muriatic 
acid,  which  in  an  hour's  Ume  will  dissolve  the  limestone,  and  thb 
can  be  separated  or  thrown  down  by  saturating  the  acid  with 
pearl  ash.  The  sand  can  be  separated  from  the  clay,  by  repeated 
ablution  and  subsidence. 

4thly.  Where  bricks  approaching  to  porcelain  are  wanted  fa  '] 
particular  purposes,  the  clay  should  be  freed  from  coarse  particln 
by  washing,  and  mixed   with  some  fine  sand  and  lime.    Chy  1 
part,  lime  1  part,  and  sand  two  or  three  parts  will  make  a  mixture 
that  will  enter  into  half  fusion  in  a  brick  kiln. 

Sthly.  No  more  sand  should  be  added  to  brick  earth  in  a  com- 
mon way,  than  is  sufficient  to  prevent  too  great  a  contraction  of 
4        the  clay  by  the  fire. 

6thly.  Too  sudden  a  fire  warps  the  bricks  by  the  violent  extri- 
caUon  of  the  steam :  and  too  violent  a  fire  is  apt  to  make  them 
nm  together.  Where  the  expence  is  not  an  object,  a  brick  twice 
burnt,  is  excellent  I  have  already  mentioned  in  this  work,  wlnt 
I  wish  potters  would  notice,  that  I  have  never  seen  the  coarest  con* 
mon  pottery  that  by  a  second  gradual  and  continued  bununs* 
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taiglit  uol  be  oonyeited  into  stone  vorr.    I  have  done  this  repeat-  ^ 

nhlf.  If  the  bricks  are  required  to  be  glazed  extemallf ,  it 
•she  belt  done  by  throMdng  a  bushel  of  common  salt  into  a  kifai 
rf  Wckt  while  at  their  greatest  he«t|  and  stopping  the  top  of  the 

llUjr.  The  best  bricks  are  made  of  weU  bunit  clay  containing 

Wtt  small  proportion  of  fine  sand.    Turning  up  the  earth  in 

,   tlie  autumn^  to  expose  it  to  the  winter's  frost— well  working  it  in 

f  tkt  ipring  before  it  is  moulded— gradual  and  continued  burmng 

inthe  kiln  or  clamp*  are  all  of  them  absolutely  essential  to  a  good 

brick :  few  of  these  requisites  are  usually  well  performed. 

The  legislature  in  England  has  often  interfered  in  the  manu- 
hcture  of  bricks ;   and  considering  how  much  the  Realth  of  the 
iaUbitants  of  large  towns,  depends  upon  the  goodness  of  bricks, 
specially  in  such  a  climate  as  England,  I  am  not  much  inclined 
toind  fault  with  this  interference.    By  12  Geo.  1.  ch.  35.  earth 
or  cUy  designed  for  bricks  made  for  sale,  shall  be  dug  and  tuni- 
I  ed  once  at  least  between  the  first  day  of  November  and  the  first 
«f  February ;  and  not  made  into  bricks  till  after  the  first  day  of 
Harch :  nor  shall  any  brick  be  made  for  sale,  but  between  the 
im  day  of  March  and  the  29th  of  September.    But  the  10  Qeo. 
3.  ch.  49.  earth  may  be  dug  at  any  time  of  the  year,  provided  such 
ctith  be  turned  once  before  it  be  made  into  brick.    By  stat  3. 
Geo.  2.  ch.  22.  not  more  than  720  bushel  of  sea  coal  ashes  screen- 
i  ed  through  a  half-inch  screen,  shall  be  mixed  with  the  earth  of 
P  100/)oo  bricks.     By    17  Geo.  3.  ch.  42.  all  bricks  made  for  sale 
r  JkBfWhen  burned,  be  not  less  than  8}  inches  long,  2|  inches 
Vck  and  4  inches  wide. 

From  the  want  of  breeze,  or  the  small  cinders  of  sea  coal 
^sliei,  more  fuel  and  longer  time,  are  required  to  bum  bricka 
in  this  country  than  in  England.  The  clamps  near  Philadelphia 
inoally contain  about  50,odo bushels;  40  by  40, and  32  high:  half 
^  cord  of  wood  is  allowed  to  1000  bricks :  the  burning  of  a  clamp 
^es  about  a  week.  Near  London,  the  clamps  usually  contain 
100,000,  and  the  burning  last  about  a  fortnight.   . 

9thly.  I  weighed  two  bricks  that  had  long  been  kept  in  a 
'DWD  in  the  college  here  and  were  perfectly  dry.  They  weigh- 
•i  lOjlb.     Immersed  in  water  for  an  hour  they  weighed  I  lib. 

T.  C. 
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OHIO  FALLS. 

The  /oilowing  method  (if  improving  the  Ohio  FMk^  U  %o  aj 
bUto  timilarfalU^  thai  Jt  requested  it  of  Mr,  Doweregthepn* 
fiOMcr,     (See  the  fiiate,J 

'     A  AAA  represents  the  Ohio  Titer  at  flie  falls.' 

&B  a  part  tif  the  Indian  Shute»60  feet  vide,  and  walled  three 
feet  high. 

CCCC  tributary  dams,  which  tarn  thdr  waters  into  the  shme 
at  an  angle  in  oppoaitibli  to  the  current  They  are  formed  of 
atone  and  collect  their  water  from  the  Tarious  separate  or  wists 
streams  that  pass  down  the  falls  on  each  side. 

DDDiD  are  openings  ui  die  side  wall  of  the  shute  to  receive 
the  water  from  the  tributary  dams.  They  oblige  the  water  to  en- 
ter it  at  an  angle  in  opposition  to  the  current.  | 

£FGH  are  ring  bolts  fixed  at  the  bottom  of  the  shute  to  fiistes    , 
hauBscrs  lo— -to  assist  boats  to  ascend. 

HH  the  lowest  point  of  the  tributary  dams,  raised  about  & 
inches  higher  than  the  openings  D>  which  turn  their  waters  int» 
Che  shute. 

EXPLANATIO^f. 

The  above  explanation  relates  to  a  plan  for  improving  the  pal- 
sage  of  the  falls  of  the  Ohio  without  the  aid  of  a  canal  and  locks, 
which  would  be  extremely  expensive  and  the  benefit  at  least  doubt-  i 
ful.     The  plan  proposed,  it  is  believed,  will  answer  the  object  if  j 
effectually  and  at  a  very  small  expence,  comparatively  ^edtf^ 

ing.  ' 

This  plan  supposes  the  improvement  of  the  Indian  shute,  al- 
though it  may  perhaps  be  adviseable  to  make  an  entire  new  cut  i 
fitmi  the  head  to  the  foot  of  the  falls,  but  this  will  depend  on  the 
judgment  of  the  engineer.    But  whether  the  shute  as  used  aa  » 
new  channel,  the  principle  and  mode  of  arrangement,  b  tbe 
same.    The  channel,  whether  a  new  shute  or  the  old,  should  be  i^ 
regular  inclined  plane  from  the  head  to  the  foot  of  the  ftUs^ 
and  the  stone  which  is  dug  out,  should  be  used  to  line  the  aides^^ 
to  keep  the  water  within  it.    A  wall  three  feet  higher  than  tb^ 
bottom  of  the  channel  is  amply  sufficient.    In  order  to  undentanlB 
the  use  of  the  lateral  dams,  let  us  suppose  such  a  channel  finiabed 
from  the  top  tliroughout,  and  the  water  entering  the  upper  cad 
three  feet  deep  and  sixty  feet  broad,  experience  and  reflection  wi0 
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ibew  us  that  the  descending  water  m\\  not  long  preserve  the 
depth  of  three  feet,  but  will  descend  so  rapidly  as  in  a  little  time 
tDd  before  it  reaches  the  bottom,  be  reduced  to  the  depth  of  a  few 
inches ;  this  consequence  uniformly  attends  water  which  passes 
over  an  inclined  plane  without  obstruction.  The  rapidity,  there- 
fcre,  and  want  of  depth,  would  make  it  of  little  use.  To  obviate 
this  b  a  fall  like  the  Ohio,  which  passes  such  a  quantity  of  water, 
is  easy.  For  having  occasion  but  for  a  part  of  it  in  the  first  iiif. 
stance,  the  residue  is  suffered  to  move  on,  and  id  drawn  in  from 
thnc  to  time  as  you  have  need  of  it.  If  it  was  all  compelled  to 
enter  the  sluice  at  one  time,  tt  would  create  a  fall  at  the  upper 
end,  besides  overflowing  your  shute  or  channel.  These  lateral 
or  tributary  dams  are  therefore  introduced,  in  the  first  place,  to- 
check  the  rapid  descent  of  the  water,  and  to  keep  up  an  adequate 
tuppir :  the  first  it  accomplishes  by  entering  the  channel  at  an 
inf^lc  in  opposition  to  the  current ;  the  other  by  the  quantity  of 
^ter  which  it  adds  to  it.  At  what  distance  those  lateral  dams 
night  admit  of  being  separated,  and  yet  keep  up  the  requisite  sup- 
ply, must  depend  on  several  considerations ;  but,  it  is  evident, 
that  they  cannot  be  too  close  together^  because  the  lower  end  of 
the  dam  at  \  is  but  little  higher  tliau  the  wall  of  the  shute,  and 
^harg^s  its  water  over,  it  if  the  shute  is  full,  and  by  that  means 
supplies  the  dam  next  below  it,  if  it  should  require  it,  which  also 
tcts  in  like  manner  in  its  turn.  These  dams,  however,  are  form- 
ed with  but  little  trouble,  nature  having  in  all  such  fiJls,  in  a 
(Teat  measure,  prepared  them  to  your  hand  in  the  various  curves 
vxl  indenting  of  the  rocks ;  nor  is  it  at  all  necessary  that  they  should 
^  made  with  the  regularity  of  the  drawings— all  that  is  necessary 
^g  to  compel  it  to  enter  your  channel  at  certain  distpQces  by  a 
^^^h  but  substantial  obstruction  at  any  convenient  point.  And  so 
^  is  this  done,  that  I  have  seen  in  the  Susquehanna  a  counter 
current  of  more  than  a  quarter  of  a  mile,  ^rmed  by  a  dam  of 
l^^ose  round  stones ;  the  current  running  diisectly  opposite  to  the 
natural  course  of  the  stream  and  almost  as  rapidly.  These  coun- 
^^r  currents  of  the  tributary  dams  will  so  check  the  velocity  of  the 
^^n*ent  in  the  shute  that  I  make  not  the  least  doubt,  that  if  it 
'^uJd  be  executed  on  this  plan,  of  loaded  boats  being  able  to 
••cend  with  perfect  case. 

With  the  aid  of  a  small  steam  boat,  which  should  avail  itself 
*'  the  ring  bolts  placed  at  certain  distances  along  the  shute,  and, 
*^^r  joining  them,  draw  after  it  successive  a  loaded  boat.  I 
^^Id  make  no  doubt  of  its  ascending  the  falls  with  100  tons. 
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BLEACHING:  with  a  piate. 

The  plate  to  which  this  refers  was  sent  to  me  some  time  agt, 
but  not  meaning  to  take  up  the  subject  of  bleaching  yet,  I  oihit- 
ted  it  However,  as  it  is  endtled  to  insertion,  and  I  am  obliged  to 
the  correspondent  who  sent  it,  I  insert  it  now  and  shall  refer  to  it 
hereafter. 

AA  The  machinery  to  agitate  the  lime-water  within  the  cask 
in  which  it  turns  round.  BB  The  Still  holding  the  materials.-* 
^,  3,  3,  4, 5,  6,  7  places  made  air  tight  with  water,  to  prevent  the 
escape  of  the  gas. 

The  following  paper  (which  confers  equal  honour  on  kinc 
George  III.  and  Arthur  Young,  and  the  plate  that  accompanies  it,) 
will  give  my  readera  an  idea  of  a  genuiney  thorough  bred  Menus 
Ram. 

DON.  A  MERINO  RAM,  fcc. 

< 

How  many  millions  of  men  are  there  that  would  smile,  if  I 
trere  to  mention  the  aorereign  of  a  great  empire  giving  a  ram  to^ 
m farmer,  as  an  event  that  merited  the  attention  of  mankind:  the 
world  is  full  of  those  who  consider  military  glory  as  the  proper 
object  of  the  ambition  of  monarchs ;  who  measure  reg^  merit  by 
the  nulliona  that  are  slaughtered ;  by  the  public  robbery  and  plun- 
der, that  are  dignified  by  the  titles  of  victory  and  conquest,  and  who 
look  down  on  every  exertion  of  peace  and  tranquillity,  as  unbecom- 
ing those  who  aim  at  the  epithet  greats  and  unworthy  the  ^m  of 
men  that  are  bom  the  masters  of  the  globe. 

My  ideas  are  cast  in  a  very  different  mould  ;  and  I  beliere  the 
period  u  advancing,  with  accelerated  pace,  that  shall  exhibit  chi- 
ractera  in  a  light  totally  new ;  that  shall  rather  brand  than  exalt 
the  idrtuea  hitherto  admired ;  that  shall  place  in  the  full  blaze  of 
meridian  lustre,  actionB  lost  on  tiie  mass  of  mankind ;  that  shaU 
pay  more  homage  to  the  memory  of  a  prince  that  gave  a  nun  to  A 
fiurmer,  than  for  wielding  the  sceptre— obeyed  alike  on  the  Gang^M 
and  the  Thames. 

I  shall  preaume  to  ofier  but  one  other  general  observation  &— — 
when  we  see  His  Majesty  practising  husbandryt  with  tl^* 
warmth  that  marks  a  favourite  pursuit ;-— and  taking  auch  atepa  ^ 
diffuse  a  foreign  breed  of  sheep,  well  calculated  to  improve  th^^ 
of  his  kingdoms ;— when '  we  see  the  royal  pursuits  take  suctx  < 
direction,  we  may  safely  conclude,  that  the  public  measures  whieh 
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This  was  a  superiority,  which,  I  confess,  I  did  not  dream  of.-~ 
The  comparison  is  not  exact,  because  the  ages  arc  not  the  same. 
No.  I,  has  eight  broad  teeth  ;  No.  2,  has  six;  and  No.  3,  has  only 
four:  butitaeems  to  imply,  that  this  ram  is  of  a  thriving  race. 

Another  comparison  of  ram  hoggets^  proved  favourable  to  the 
Spanish  blood. 


No. 

Jan.  14. 

Jan.  31. 

Mar.  20. 

G. 

I,  HaifSouthbown,  ^  Bake- 

lb. 

lb. 

lb. 

well,  and  i  Norfolk) 

97 

94 

82 

0 

2,  Ditto,        -         -         - 

99 

102 

100 

I 

3|  i  South  Down,  1  Spanish, 

1  Reyland, 

•       ^ 

104 

108 

9 

4,  Ditto,  a  late  lamb, 

-     .S7 

50 

48 

11 

5,  Seven  whole  bred  South 

Down ;  average  weight. 

-     80 

81 

94 

14 

It  should  seem^ironi  this, and  various  pthcr  trials,  that  so  small 
onaddition  as  one-fonrlh  of  Norfolk  blood  docs  a  mai'ked  and  es- 
sential mischief.     Of  these,  No.  4  much  exceeds  the  rest,  a  sheep 
of  37  lb.  gaining  1 1  lb.  is  in  the  proportion  of  23  lb.  gain  by  one  of 
80  lb.  instead  of  wiiich  it. is  only  14  lb. 

Speaking  generally,  I  believe  the  Spanish  blood  will  be  found 
to  have  a  good  disposition  to  fatten,  if  not  in  the  same  class  as  soroe 
of  our  long  \roollcd  breeds,  at  least  much  superior  to  some  of  our 
fioQ  woolled-  ones. 

I  put  him  1o  forty  of  my  finest  woollcd  South  Down  ewes,  aod 
therefore  may  expect  to  breed  some  rams  well  adapted  to  propa- 
gating fine  wool,  ai)d  some  ewes,  which,  covered  two  years  hence 
by  Dopy  will  give  me  a  yet  nearer  approximation.     A.  Y. 

[^\7  Ann.  Agr,  529 — 533. 
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THIS  in\  ention,  for  which  Messrs.  Long  and  Hauto,  have  re- 
cently taken  out  letters  patent,  under  the  authority  of  the  U.  Stateff 
and  which  they  have  secured  in  England,  Scotland  and  Ireland  w 
is  oifered  to  the  public,  as  a  valuable  and  cheap  substitute  for  th£> 
common  overshot  wheel,  in  all  situations,  where  there  is  a  scarcity 
of  water,  with  a  fall  of  25  feet  ai\d  upwai^s 


nik-.L         a.  ..•■>. 


Hydrostatic  Engine.  16t 

W  (say  the  Patentees)  bids   fair,  with  the  improve*  am 

rgenuity  may  suggest)  to  became  one  of  the  most 
Bt  the  same  time,  one  or  the  most  simple  water  ma - 
rer  was  invented. 

Rrfertncea  lo  the  Plate. 

.  perpendicular  section  of  the  box,  tec.  A  a  tube  or 
I  which  the  water  is  coveyed  into  the  engine.  BB  a 
ir,  on  which  the  pistons  move.  C  n  tube,  that  con- 
xr  from  the  box.  DD  the  piatons,  with  their  rods, 
ming  back  and  forth  on  a  gudgeon,  passing  through 
1  thus  opening  a  communication  alternately  between 
ind  each  fmil  of  tlic  box,  and  at  the  same  time  open- 
nication  bttwccn  thu  box  and  the  tube  C,  so  that  tho 
e  dis<:lmr^cd  from  cither  end  of  the  boX|  whilst  the 

k  perpendicular  section  oftheen^ne.  ABBC,  the 
g.  1.  01)  II  rack,  the  sides  of  which  act  alternately 
'heel,  thiis  producing  aconrinued  rotatory  movement. 
xm\  side  to  sidi-,  is  effected  by  means  of  cogs  in  the 
rearing  into  the  cogs  oi  the  rack>wheel,  alternately 
erit.  1'  tilt  lack- wheel.  Ff  a  Hy-wheel turning  on 
le  rach-wlicci.  GG  a  dog,  moving  on  its  axis  g,  at 
of  the  i\ick,  and  thus  giving  a  reciprocated  motion  to 
IIH  ttie  vulve-rod.  I  the  winch  acted  upon,  by 
and  y:,i\  nig  motion  to  the  valve,  by  means  of  its  gud- 
rrigtii.  iuspuidcd  from  the  valve-rod,  by  a  line  pass* 
cs,  ill  (lie  top  uf  llie  dog.  L  one  side  of  the  groovi.- 
tc  the  movements  uf  the  ruck.  M  a  lever  connected 
by  rods  of  iron.  N  one  ol  the  standards  that  suppoit 
>  a  weight  to  balance  the  rack.     P  one  ude  of  the 

A  horizontal  section  ofthe  eni^ine.  AAA  the  frame 
.  B  the  box  with  its  pistons,  kc.  CCC  a  carriage 
te  pistons,  and  moving  outside  of  the  box.  DU  the 
icted  to  the  carria);c,  by  luians  of  clcvicea,  su  tliat  it 
in  conformity  to  the  movements  ofthe  rack,  which  is 
£  the  rack  as  represented  at  D,  Kg.  3.  FF  the 
troovcbox.  G  tlic  dog.  HH  the  main  shaft,  upon 
and  rack-wheels  turn,  and  to  which  other  machinery 
ny  be  attached.     II  the  fly-wheel. 
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Fig.  4.  An  internal  ^ew  of  one  side  of  the  g^roove-box,  in  vhicli 
the  sliders  are  so  disposed,  as  to  keep  the  sides  of  the  rack  alter- 
nately in  gear,  with  the  rack-wheel.  The  sliders  represented  by 
shades  in  this  figure,  arc  to  consist  of  iron,  and  to  be  made  fast  to 
the  sides  of  the  groove-box,  by  means  of  screw-bolts.  The  upper- 
most is  so  constructed,  as  to  permit  the  regulator  in  the  end  of  the 
rack  to  pass  around  it 

Fig.  5.  A  view  of  a  part  of  the  dog,  and  its  friction  wheel,  up- 
on which  the  weight  of  the  rack  is  supported. 

Fig.  6.  A  view  of  one  side  of  the  frame  at  the  back  part  of  the 
machine,  showing  one  of  the  grooves,  in  which  that  part  of  the  car- 
nage moves,  to  which  the  sweep  is  attached. 

Fig.  7.  A  side  view  of  the  valve,  with  the  winch  by  which  hh 
turned. 

Fig.  8.  The  puUies  in  the  top  of  the  dog,  together  with  a  pirt 
of  the  valve-rod. 

Fig.  9.  The  carrier  or  regulator,  to  be  attached  to  the  lower 
part  of  the  rack,  at  its  outermost  end.  The  ears  upon  the  sides  are 
fitted  to  the  grooves  of  the  groove-box,  so  that  they  pass  entireljr 
round  the  uppermost  slider. 

Figs.  10  and  11.  The  parts  of  the  machine  represented  hf 
these  figures,  are  intended  for  a  substitute  for  the  groove-box  vA 
sliders.  A  model  has  been  constructed  on  this  plan,  and  it  is  foond 
to  answer  the  purpose  far  better,  than  the  original  plan.  The 
greater  part  of  the  friction  of  the  rack  is  completely  done  away  by 
it.  These  figures  represent  different  views  of  a  catch-frame,  with 
friction-wheels,  bolts,  and  bolt-mortices.  The  friction  wheels  art 
placed  so  &r  asunder,  as  to  adout  the  rack  to  pass  freely  between 
them.  The  frame  at  every  change  of  the  rack,  rises  and  falls  with 
it.  It  is  confined  in  such  a  manner  by  the  bolts,  that  it  keeps  the 
sides  of  the  rack  alternately  in  gear,  with  the  rack-wheel.  The 
bolts  slip  alternately  into  the  mortices,  by  means  of  small  weights, 
acting  upon  angular  leavers  or  dogs;  and  are  drawn  out  of  them 
again,  by  the  ends  of  the  rack  striking  against  pins  or  knobs,  id 
the  bolts. 

According  to  Fig.  1,  as  the  water  acts  alternately  upon  the  pis- 
tons, it  follows,  that  a  reciprocated  rectilinear  motion  is  produced. 
This  motion  i%accompanied  by  a  power  equal  to  the  weight  of  a 
column  of  water,  whose  base  is  the  area  of  one  of  the  pistons,  and 
whose  height  is  equal  to  the  whole  perpendicular  fall  of  the  water. 
For  instance  let  the  whole  perpendicular  fall  be  33  feet ;  the  weight 
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>r  power  will  be  15  pounds  upon  every  square  inch  of  the  piston^ 
When  the  fall  is  sixty-six  feet,  the  power  is  30  pounds  upon  the 
iquare  inch,  and  a  fall  of  1 32  feet  will  give  a  power  of  60  poundSf 
ipon  even'  square  inch  of  the  piston,  and  so  on.  In  order  to  apply 
he  power  thus  acquired  to  machinery,  it  is  necessary  that  a  rota- 
ory  movement  should  be  produced.  The  manner  in  which  this  is 
s£Fected  is  shewn  by  Fig.  2  ;  by  which  it  appears  that  the  rectili- 
tear  movement  hears  the  same  relation  to  the  rotatory,  that  a  line 
if  tangent  does  to  its  circle ;  and  this  indeed  is  the  only  direction, 
in  which  a  power  acting  in  a  right  line,  can  produce  a  rotatory 
novement,  without  a  very  considerable  loss. 

It  may  be  objected  that  the  unavoidable  friction  to  which  the 
ttigine  is  liable,  is  sufficient  to  counterbalance  all  the  advantages 
i  might  otherwise  have,  over  the  wheel,  but  an  undeniable  fact, 
rhicli  we  will  here  introduce,  will  place  this  point  beyond  all  con- 
roversy.  An  engine  has  been  erected,  at  Mr.  Bayly's  brewery  in 
vermantown,  for  the  purpose  of  grinding  malt.  It  is  constructed 
•n  the  original  plan,  viz.  with  sliders  to  regulate  the  movements  of 
lie  rack.  It  is  situated  on  a  small  stream  of  water,  rising  out  of  the 
;round,  a  few  rods  above  the  dam.  The  fall  from  the  surface  of 
he  water  in  the  dam,  to  the  bottom  ofthe  machine,  is  equal  to  25 
bet  perpendicular  height.  With  this  fall,  grinding  at  the  rate  of 
!0  bushels  per  hour,  the  engine  expends  100  gallons  of  water  per 
ninute.  A  grist-mill  having  an  equal  fall  of  water,  and  grinding  at 
he  rate  of  3J  bushels  of  wheat  per  hour,  requires  about  400  gal- 
ons  of  water  per  minute,  to  turn  it. 

Farther  information  on  the  subject  and  licenses  may  be  obtain* 
dfby  applying  to  the  patentees  in  Germantown,  near  Philadelphia^ 

Mr.  HatUo'a  Hydrostatic  Engine,  1  observe  there  has  been  a 
ind  of  newspaper  controversy  between  the  proprietors  of  this 
lachine,  aud  Mr.  Perkins,  in  which  the  latter  insists  that  the  water 
I  not  so  advantageously  applied  by  Messrs.  Long  and  Hauto,  as 
fit  fell  on  a  common  water  wheel.  I  will  not  pretend  to  say  but 
lat  the  water  power  might  so  be  managed  with  a  water  wheel  per- 
sctly  constructed,  as  to  do  equal  work,  with  the  machine  contriv* 
d  by  Messrs.  Long  and  Hauto ;  but  it  seems  to  me,  that  their 
nchinery  could  be  placed  in  situations  where  a  water  wheel  could 
ot  be  employed— that  in  many  cases  it  would  be  cheaper  than  a 
rater  wheel — and  in  all  cases  more  efficacious  where  the  stream  of 
rater  from  the  top  to  the  bottom  of  the  fall  was  not  preserved  in 
niform  continuity,  which  in  water  wheols,  is  not,  as  I  think,  always 

iToL.  ni.  Y 
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twf  to  be  done.  But  I  am  not  a  good  machinist)  and  have  no  pre- 
tenaioot  to  decide.  Of  this  I  am  persuaded,  that  if  a  poor  man  in 
a  cellar  in  Front  street,  could  rent  a  stream  from  one  of  the  hydnnts 
sufficient  to  turn  fifty  spindles,  or  a  single  loom  on  Mr.  Siddal's 
construction,  he  would  enable  one  of  his  children  to  earn  more 
"vrages  than  he  could  himself  in  any  usual  way  of  manual  labour. 

It  is  true,  no  faA  is  gained  from  the  Schuylkill  to  the  Delawarei 
but  there  are  always  machines  that  do  actually  raise  the  water  for 
the  purpose  of  renting  it  out  in  portions.  And  every  inhabitant  of 
Philadelphia,  feels  that  such  an  establishment  is  a  great  public 
convenience.  A  man  might  afford  to  pay  a  high  rent  for  the  bun* 
dredth  or  fiVc-hundredth  part  of  the  power  of  a  twenty-horse  en* 
gine,  who  could  not  afford  to  erect  such  an  engine  himself.  I  state 
this,  merely  as  one  of  the  cases  that  may  be  put,  wherein  small 
streams  falling  from  a  considerable  height,  might  be  advantage- 
ously employed ;  certainly  not  meaning  or  expecting  that  eveiy 
or  any  hoiisf^  in  Front  or  Water  Street  should  be  so  occupied:  I 
give  it  merely  in  illustration  of  the  purposes  to  which  the  princi- 
ple can  be  applied.  No  body,  I  presume,  will  deny  that  a  small 
stream  fiedling  from  a  great  height  (that  is  with  a  great  head)  maj 
far  exceed  in  power  a  much  larger  stream  that  is  shallow.  Sup- 
posing the  water  could  be,  as  it  can  be,  conveyed  from  Schuylkill 
by  steam  engines,  so  as  to  supply  a  great  number  of  small  manu- 
fiicturies  conveniently  situated  with  power  enough  to  drive  a  few 
spindles  or  a  loom  or  two,  would  not  the  erection  of  such  engioei 
ultimately  pay  a  good  rent  to  the  proprietoi-s,  and  gi-eatly  benefit 
imall  manufacturies,  and  the  public  of  course  \    T.  C. 


MR.  DUCKET'S  PLOUGH.    (Plate.) 

IN  England,  where  agriculture  is  certainly  better  understood 
than  in  any  other  country  in  Europe ;  the  land  yields  on  the  aver- 
age of  the  Kingdom,  24  bushels  of  wheat  per  statute  acre^  This 
b  managed  by  keeping  it  in  heart  either  by 

1st.  Manure;  every  farmer  in  England  making  his  dung  and 
compost  heap  the  first  object  of  his  attention. 

8dly.  By  rotation  of  crops ;  in  such  a  way  that  two  grain  crops 
never  succeed  each  other ;  but  are  separated  by  a  grass  crop,  or 
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else  (not  a  fallow,  but)  a  fallow  crop :  and  high  manuring  tat  a 
potatoe  crop  precedes  wheat. 

3dly.  By  fallow-crops ;  fallows  for  the  destruction  of  weeds 
being  nearly  given  up  all  over  the  kingdom-  A  fallow  crop,  is 
one  that  will  admit,  and  will  require  the  ground  in  the  intervals 
to  be  kept  constantly  free  from  weeds  by  hand  hoeing)  or  hand 
weeding,  like  potatoes. 

4thly.  By  making  the  grass  land  subservient  to  the  arable. 
That  is,  so  proportioning;  the  meadow  and  the  arable,  that,  the 
cattle  fed  on  the  former  will  supply  dung  enough  to  manure  about 
one  fourth  of  the  whole  farm  every  year. 

But  where,  notwithstanding  every  precaution  in  collecting 
dung,  and  forming  compost  heaps,  manure  is  scarce ;  as  it  alwajra 
will  br  where  the  farm  has  too  large  a  proportion  of  arable  land^ 
and  the  farm  is  understocked  with  sheep  and  cattle ;  then  recourse 
b  had  to  ploughing<in  a  green  crop.  This  practice  I  have  seen 
pursued  now  and  then  with  much  pleasure  in  Pennsylvania,  where 
bu  rkvvheat  is  the  crop  usually  ploughed  down  when  just  coming 
Into  .lo^er.  In  England,  the  common  plant  used  for  this  purpose 
ia  the  tare  or  vetch  vicia,  sativa,  aulgaris.  But  the  commcm 
plough,  dther  of  England  or  this  country,  is  inadequjUe  to  the  per* 
{brmance  of  this  very  useful  part  of  &rnung,  with  neatness  and 
cffbct.  I  therefore  present  my  readers  with  a  plate  of  Mr.  Due* 
ket*s  skim-coultered  plough,  which  g^ed  the  premium  given  by 
the  Dtaike  of  Bedford,  as  well  as  the  gold  medal  of  the  Board  of 
Agriculture.  It  is  taken  from  the  43d  voL  of  the  Annals  of  Agri* 
culture,  for  the  year  18P5.  The  editor  of  that  work  observes  very 
justly  that,  ^  To  think  of  atteixqyting  to  plough-in  any  green  crop 
by  way  of  manure,  or  a  long  stubble,  o^  the  plentiful  fragpnents 
left  of  a  crop  of  tares,  or  weeds,  or  long  dung,  (with  the  common 
plough)  is  an  idle  expectation :  no  other  plough  will  effect  it.. 
But  this  instrument  executes  the  work  in  perfection.  The  skim, 
»  applicable  to.  any  plough.**    T.  €• 
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POLITICAL  ECONOMY. 
Mr*  Editor, 

THE  controversy  about  manufacturer  and  commcrt*  being 
rivals,  seems  to  me  very  ridiculous.  Every  nation  that  has  any 
claim  to  civilization  must  exercise  agriculture,  manufacturii.g  and  j 
commerce  :  in  proportion  as  the  labour  and  capital  of  a  natioQ 
are  duly  divided  into  these  grand  branches  of  human  occupation, 
ivill  the  country  be  mdependcnt,  the  citizens  h«ippy,  and  serviceable 
to  each  other. 

Except  air,  every  thing  necessary  to  the  support  of  human 
existence,  whether  in  the  savage  or  civilized  state,  must  be  pro- 
cured by  labour :  it  is  true  a  drink  of  water  is  come  at  with  lesi 
trouble  than  a  tumbler  of  wine  ;  but  still  it  requires  exertioDS  to 
get  it.  And  pumps,  wells,  and  aquaducts,  arc  as  important  to  w- 
cicty,  as  ships,  clerks,  and  desks. 

Without  going  into  this  controversy,  which  borders  so  close- 
ly on  absurdity,  let  us  temperately  examine  a  few  calculation 
that  may  throw  some  light  on  the  subject  of  manufactures. 
Though  Philadelphia,  hi  many  circumstances,  does  not  resemble 
the  cities  of  Europe,  it  will  form  a  tolerable  rule  for  the  United 
States,  it  will  therefore  miswer  to  exemplify,  and  to  simplify  the  ' 
calculations.  The  population  may  be  taken  at  100,000,  it  is  not 
much  over  or  under  this  estimate,  nor  will  an  error  here  effect 
the  general  result. 

1st,  In  a  population  of  100,000,  it  is  probable  there  are  3^ 
young  boys  and  girls,  not  at  school  or  engaged  in  any  business  ^ 
but  from  prejudice,  pride,  and  other  causes,  many  of  their  parents 
would  not  send  them  to  work ;  let  the  number  be  reduced  to  1000, 
and  experience  gives  reason  to  suppose,  they  could  at  mannfac- 
tures  gain  on  an  ayerage  S 1  35  a  week. 

2d.  There  are  also  a  number  of  young  women  who  sew,  binl 
hats,  shoes,  work  for  taylors,  ^c,  but  whose  time,  from  want  of 
employment,  is  not  more  than  half  occupied,  and  in  consequence 
experience  considerable  distress ;  their  number  may  be  estimated 
at  500,  and  from  the  wages  they  now  receive  experience  a  lotti 
from  this  want  of  employment,  of  at  least  8 1  50  a  week. 

3d.  There  is  also  a  lareje  l>ody  of  labourers  whose  occupatkB 
is  suspended  three  months  in  the  year,  their  number  is  at  least  400: 
tlie  class  exceeds  this;  but  as  they  get  occasional  employ,  thow 
who  arc  al)8olutely  idle  arc  trstiimited  at  400,  whose  wages  would 
be  go  d  week' 
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4th.  There  it  a  number  of  elderly  personS)  whose  ftreng;this 
too  much  decayed  for  the  toil  of  labourers  or  hired  servants,  and 
occupations  where  manufactories  do  not  exist;  who  could  be 
useful  where  they  do ;  including  both  sexes,  their  number  may  be 
taken  at  400,  and  wages  estimated  at  g3  50  a  week. 

5th.  Beside  the  preceding  account  of  entirely  lost  time,  there  is 
ii  considerable  portion  of  many  families  that  would  be  employed 
^in  branches  of  manufactures  that  admit  of  being  g^ven  out ;  such 
WM  tambouring,  sewing  up  stockings,  Sec.  &c.  and  supposing  only 
one  family  in  twenty  look  an  interest  in  this,  it  would  give  1000, 
whose  industry  would  certainly  produce  gl  a  week. 

Now,  without  taking  into  account  what  would  be  gained  by  the 
cafiitalists  who  carried  on  the  business—the  merchants  who  sold 
the  raw  material  and  bought  the  manufactured  goods-^he  incres- 
cd  demand  for  the  produce  of  agriculture — ^the  spring  given  to  al- 
ready existing  trade»— and  the  general  effect  on  the  country  by 
such  a  creation  of  wealth,  and  keeping  the  circulation  of  money" 
m  the  country ;  let  us  form  an  estimate  of  one  year's  gain  of  this 
100,000  people,  who  are  but  a  small  proportion  of  the  eight  mil- 
fioQ  now  belonging  to  the  United  States. 

First  class,  1000  boys   and  girls  at  gl  25  a  week  would 

In  the  year  produce  ^%  65,000 

9d  Class,  500  young  women,  SI  50  39/)00 
^    3d  Class,  500  labourers  out  of  employ  three  months  in  the 

year,  %S  a  week  32,500 

4th  Class,  400  elderly  persons.  Sec.  S3  50  72,800 

Sth  Class,  1000  families,  at  Si  52,000 


S  261,300 

To  carry  on  this  business,  not  less  than  seven  or  eight  hundred 
thousand  dollars  would  be  required  for  the  manufacturing  caphal ; 
^dependent  of  the  mercantile  capital,  direct  and  indirectly  con- 
nected withit.    J.  R. 

I  am  much  obliged  to  my  respectable  friend  and  correspon- 
dcqt  fortius  short  but  practical  paper :  it  will  come  home  to  the 
imderstandings  and  feelings  of  many  readers  whO)  like  himself, 
Voidd  regard  my  lucubrations  and  Dr.  Bollman%  as  useless  and 
ibsurd.  However,  each  of  us  in  our  way :  we  shall  each  of  us 
do  good  to  such  of  our  readers,  as  may  perchance  be  excited  to 
'AfaO:  on  these  subjects.  I  would  just  observe,  that  although 
t^culture,  manufactures,  and  commerce,  are  al\  neca^sax^  Xo  ^ 
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civilized  country,  deairous  of  renuuning  civilized,  yet  it  may  prove 
a  question  neither  useless  or  absurd  to  sit  down  and  occamiiallf 
count  the  cost. 

It  has  been  proposed  to  raise  silk  worms,  and  manufacture  iii» 
digo  in  England :  and  that  nation  was  ready  to  go  to  war  aboit 
Falkland's  Island,  and  Nootka  Sound,  and  Oc^akoff :  would 
raising  of  mulberry  trees  and  silk  worms  aid  the  agriculture, 
the  produce  of  indigo,  keep  the  manufacture,  or  the  comroei 
wars  about  these  distant  places,  assist  the  commerce  of 
country?  Is  it  a  question  of  no  importance,  whether  «e 
shall  protect  a  trade  that  brings  us  in  a  hundred  thousand  dol- 
lars, by  a  naval  force  that  costs  us  half  a  million  ?  Is  h  ridiraloiii 
to  consider  whether  we  shall  support  a  manufacturing  or  ccmiOMr« 
cial  speculation,  which  would  of  itself  be  forever  a  losing  concern 
to  those  embarked  in  it,  if  the  rest  of  the  nation  were  not  taxed  te 
afford  them  profit  ?  May  we  not  without  much  watte  of  time,  ei« 
pend  an  hour  or  two,  in  considering  the  relative  value  to  the  cosh 
munity,  of  capitals  embarked  in  argriculture,  manufactures  ni 
commerce  respectively  ?  I  have  readers  of  both  opinions. 

T.  Q. 


NOTICES, 

M.  Berzelius  is  announced  as  having  analysed  a«ot  into  i& 
hydrogen,  and  55  oxygen.  We  must  wait  for  the  details  of  the 
experiment,  before  we  can  give  full  credit  to  this  important  re- 
sult. 


I  cannot  insert  Mr.  GraaCs  communication  in  this  number  fcr 
want  of  room :  nor  Mr.  Latrobe's,  or  Mr.  J.  Cutbushs*s  (wUdi 
I  much  wished  to  include  in  the  present  number)  for  want  of  cft- 
gravings  for  their  figures ;  which  I  have  now  in  train  to  be  cut  is 
wood.  I  want  to  add  my  own  remarks  to  each  of  these  pqiefSi 
My  trials  met  with  the  same  result  as  Mr.  Cutbushs*.  They  ihiD 
be  inserted  in  the  next  Emporium. 


•'fSu-. 
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Mr.  J.  Conrad  is  about  publiahmg  DavyS  Chemical  filements 
if  Agriculture :  and  Mr.  Dobaon  goes  on  with  Bancroft  on  per* 
maiienl  colours.  I  have  perused  both  works ;  and  they  are  well 
irorth  recommending  to  those  who  are  interested  in  the  pursuits 
tbe J  relate  to.  I  rejoice  to  hear  alio  of  a  new  e^tion  of  Dr.  Bar* 
Mi*s  Botany. 

'i  Mr.  J.  Cutbush  has  published  the  JrtiaU  Manual^  3  vols.  8v0. 
hoaely  printed :  (Johnson  and  Warner)  and  Fisher,  South  Fourth 
Itreet.)  This  work  contains  the  substance  of  Aikin's  Chemical 
Dictionary,  the  Domestic  Encyclopedia,  and  some  similar  pubii* 
tationa.  I  do  not  know  any  book  that  includes  so  much  scientific 
knowledge  bearing  upon  manufactures,  in  the  same  compass,  or  at 
ao  small  a  price.  I  regard  it  as  a  compilation,  made  with  judg* 
went,  and  great  industry,  and  a  valuable  addition  to  the  useful  lite* 
nture  of  the  country 


I  have  not  room  in  this  number  for  an  account  oF  the  loom  that 

weaves  by  water  power,  or  steam,  invented,  as  I  am  informed  by 

M^  Siddal,  at  the  calico  printing  works,  about  half  a  dozen  miii-s 

QD  the  New  York  road  from  Philadelphia.     I  shall  gladly  say  more 

cm  this  very  important  improvement,     I  have  examined  it  with 

great  satisfaction. 


NEW  DiSCOVEftY. 

Thursday  Eveningy  ^timudhf  20,  1814. 
lottl  01  Violaceous  Oas.  The  Royal  Society  met  after 
Ibc  hohdays,  whc.i  a  paper  from  Sir  H.  Davy  was  read,  describ- 
lo^a  new  and  important  discovery.  About  two  years  ago,  a  Pari- 
aiin  manufacturer  of  salt-petre,  using  all  kinds  of  sea  weed  as  a 
^bstitute  for  Barilla,  discovered  that  his  vesisels  were  excessively 
corroded  by  a  particular  substance  of  a  beautiful  violet  colour ;  he 
ccmmunicated  the  fact  to  some  Paris  chemists,  but  no  particular 
•otice  was  taken  of  it  until  Sir  H.  Davy  went  to  Paris. 

Thia  new  substance  is  easily  procured  by  pouring  sulphuric 

^  teU  op  the  residuum  of  sea  weed  after  the  carbonat  of  soda  ha4 

*  ken  extracted.    It  appears  that  all  the  vegetable  products  of  the 

tea  shore,  yield  it  when  thus  treated.     By  pouring  the  acid  on  the 

itsiduary  aahes  of  the  sea  weed,  this  new  and  most  beautiful  violet 

tokuredgas  is  obtained. 
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The  l^rcncli  propose  calling  it  iode  gas  (from  Uic  Greek  Word 
iofif  violet)  but  Sir  H.  D.  prefers  the  term  vioiaceoua  gasyasmost 
suitable  to  English  phraseology;  its  combination  with  hydrogene  he 
agrees  may  be  called  hydro -iodic  gti9y  &c.  Its  properties  are  equally 
important  to  the  scientific  chemist  and  manufacturer  as  a  dye  and 
pigment.     It  is  the  heaviest  known  gas;  .100  cubic  inches  weigh- 
ing 95-5.  grains — ^it  is  easily  disengaged  at  the  temperature  of 
156;  at  a  low  one,  it  condenses  into  fine  violet  coloured  chrystals;  | 
it  is  rapidly  absorbed  by  the  metals,  uniting  with  iron,  mercur^i  ^ 
tin,  lead,  and  zinc,  and  changing  them  into  salts  of  the  most  beau- 
tiful tints  of  yellow,  orange  and  brown.     It  has  many  analogies 
with  oxygen,  the  alkalies,  and  chlorine  or  oxy-muriatic  acid.  Like 
the  alkalies  it  has  great  affinity  to  oxygen,  from  which  it  can  be 
expelled  by  heat ;  it  experiences  no  change  by  the  action  of  the 
voltaic  pile,  yet  rapidly   combines  with    phosphorus,  hydrogeoi 
and  all  themuriats;  it  is  a  non-conductor,  is  very  slightly  combus- 
tible, yet  it  is  a  supporter  of  combustion.     It  is  so  easily  united 
with  all  the  common  metals,  and  converts  them  into  such  fine  pig- 
ments, that  before  as  many  months  elapse  in  this  country,  after  iti 
discovery,  as  years  have  done  in  Paris,  it  will  be  prepared  by  iH 
our  colour  manufacturers,  and  used  by  our  cabinet  makers,  wood 
stainers,  and  dyers.     The  existence  of  this  substance  tends  to 
support  an  opinion  of  Sir  H.  D.  that  acids  and  alkalies  do  not  de- 
pend on  any  peculiar  acidifying  principle,  but  on  certain  modifica- 
tions of  matter.    All  the  iodats  of  iron  zinc,  are  soluble  in  ether 
and  spirits  of  wine,  and  many  of  them  in  water. 


Alexander  &  Ph'Uipe,  Printere,  Carlifk- 
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THE  common  ore,  that  which  b  almost  exdusiv^ 
wvked,  is  the  sulphuret  of  lead,  or  galena.  Thb  is  usual- 
^  a  bluish  ore  in  large  plates  (M*  &cets:  when  the  &cetg 
mt  smaller,  approaching  to  steel-grained,  it  b  generally 
fnnd  to  contain  other  metals,  as  silver,  or  antimony.  It 
cntuns  from  60  to  70  per  cent,  c^lead. 

h  is  most  easily  assayed  in  the  dry  way;  most  accu- 
ttdy  in  the  moist  way. 

As  silver  in  particular,  and  fiequently  also  antimony  b 
liond  combined  with  lead  ore,  it  will  be  proper  to  give 
tieassajp-and  analysis  of  several  kinds»  which  Ishalldo 
lorn  Dr.  Aikm,  1  Chem.  Diet 

^ssay  ondAnafysis  of  the  Ores. 

The  analy^s  of  the  ores  of  lead  b  upon  the  whole  Uu 
iemdy  simple.  In  general  the  moist  way  b  the  most 
iDCurate. 

Before  ^ving  the  individual  processes  the  general  me> 
Ihods  may  be  mentioned  whereby  lead  b  aqpanited  from 
the  ofther  metab  widi  wluch  it  b  usually  cdmbinod  in  Ar 

Vox*,  m.  z 
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different  ores,  and  the  data  on  which  it  may  be  estimated 
in  analysis- 
Lead  is  readily  separated  from  silver  by  making  a  so- 
lution ef  both  in  nitric  acid,  and  adding  muriatic  acid  as 
long  as  any  precipitate  appears. 

The  silver  £ills  down  in  the  form  of  luna  ccHiiea,  and 
with  it  a  quantity  of  muriat  of  lead,  and  if  the  miztiut 
stands  some  hours  undisturbed,  this  latter  salt  also  forms 
needled  crystals  <m  the  surface  of  the  luna  cornea.  Afl 
the  silver  falls  down  in  this  manner,  but  part  only  of  the 
lead,  and  the  muriat  of  lead  is  separated  from  the  luni 
cornea  by  boiling  water,  22  parts  of  which  will  dissolve 
1  of  muriat  of  lead,  but  not  a  particle  of  muriat  of  the 
silver.  The  solution  of  the  muriat  of  lead  is  still  more 
easily  -efl^ted  by  digesting  in  dilute  nitric  acid,  which 
dissolves  it  readily,  but  not  the  luna  cornea. 

Lead  is  separated  from  bismuth  by  dissolving  both  to 
saturation  in  nitric  acid,  either  concentrated,  or  diluted 
withno  more  than  a  fourth  of  water,  and  then  pouring 
the  concentrated  solution  into  a  large  quantity  of  watefi 
The  oxyd  of  bismuth  then  separates  as  a  heavy  wluk 
powder,  and  the  lead  renuuns  dissolved.  Some  bismudi 
however  remains,  but  to  the  solution  may  then  be  added 
a  saturated  solution  of  sulphat  of  soda,  which  will  pred- 
liitate  the  lead  only  in  the  form  of  a  white  pulverulent  sid- 
jdiat  of  lead,  the  compo^tion  of  which  will  be  present 
mentioned.  But  where  all  the  bismuth  is  to  be  obtained 
for  the  purpoise  of  analysis,  and  not  merely  to  be  sqwat- 
ed  fitnn  the  kad,  it  is  better  after  the  bismuth  has  fiist 
precipitated,  to  add  muriatic  acid  to  the  clear  solutkny 
which  will  throw  down  the  silver,  ifthere  be  any,  andafap 
aome  muriat  of  lead,  mixed  widi  some  of  tbs  tnamndi 
that  remains  in  the  solution,  and  which  last  if  rediaaoh^d 
in  nitric  acid,  will  again  be  decomposed  by  water  as  be- 
foie.    The  whole  muriat  of  lead  may  then  be  dissolved  ii 
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water  and  nitric  acid,  and  converted  into  a  sulphat  by 
neans  of  sulphat  of  soda  as  befoi^. 

Lead  is  separated  also  from  iron  and  copper  by  dis* 
solving  both  in  nitric  or  muriatic  acid,  and  adding  sul- 
phat of  soda  to  precipitate  the  lead.  If  the  nitric  acid  be 
iKd,  some  of  the  oxyd  of  iron  \vill  first  precipitate  as  a 
brown  red  oclire,  which  should  be  removed. 

The  same  method  will  separate  lead  fiom  tin,  cobahi 
■id  zinc. 

The  composition  of  the  sulphat  of  lead  artificially  form- 
ed in  diese  processes,  has  been  given  with  some  small  va« 
nation  by  diflferent  chemists ;  Klaproth  estimates  it  as  fol- 
lows. 

10}  parts  of  sulphat  of  lead,  dried  at  a  law  redheatj  are 
oomposed  of  73.96  of  oxyd  of  lead  and  26.04  of  sulphu- 
ric acid,  and  the  above  oxyd  of  lead  b  composed  of  69.44 
flfmetallic  lead,  and  4.52  of  oxygen.  This  is  not  the  on- 
If  state  of  oxygenation  of  which  lead  is  capable,  but  it  is 
Alt  in  which,  according  to  Klaproth,  it  is  inferred  to  ex- 
it in  all  the  native  salts  and  oxyds  of  this  metal  hitherto 

nalyzed. 

It  must  be  observed  however,  that  this  calculation  givea 
a  much  lower  state  of  oxygenation  than  i&  found  by  other 
eiperiments,  as  will  be  noticed  presentiy»  and  the  estinuu 
tioD  of  the  quantity  of  metallic  lead  is  made  by  odierche- 
■ists,  and  even  in  other  experiments  of  Fh)fessor  Klap- 
radi,  to  rise  as  high  asabout  71  per  cent.  Mr.  Hatchett 
itckons  it  to  be  70.9. 

But  where  the  muriat  of  lead  is  free  Scorn  other  admix* 
lore,  the  quantity  of  metal  may  be  estimated  without  ccxi- 
icrting  it  into  a  sulphat,  by  the  following  data :  10()  parts 
of  lead  dissolved  in  nitric  acid,  and  decomposed  by  drop- 
yii^  in  muriatic  acid  ac  long  as  any  turbidness  ensued^ 
aod  evaporated  to  perfect  dryness  (but  short  of  volatilizib^ 
&n  of  any  part  of  the  combined  muriatic  acid)  produced 
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133  of  muriat  of  lead,  and  consequently  100  parts  of  dry 
muriat  of  lead  indicate  75.2,  nearly,  of  metallic  kad,  and 
(if  oxygenated  in  the  same  degree  as  in  the  sulphat)  4.89 
of  oxygen,  or  80.09  of  oxydoflead. 

The  muriat  of  lead  may  also  be  reduced  by  dissoliing 
it  in  water  and  immersing  arod  of  iron,  whereby  thelerf 
will  be  precipitated  in  the  metallic  state  in  fine  lamdlae. 

Some  of  the  analyses  of  the  individual  lead  ores  mif 
now  be  mentioned. 

Vauquelin  analyzed  a  galena  finom  Cdogne  in  the  ft[< 
lowmg  way. 

A  quantity  was  roasted  slowly  and  lost  12  per  cent  of 
sulphur  in  the  process.  Another  quantity  was  heated  inA 
veiy  dilute  nitric  acid,  which  gave  a  smell  of  sulphuntt- 
ted  hydrc^en,  and  (Ussolved  all  the  metallic  part.  Tte 
imdisscdved  residue  heated  to  redness,  parted  with  its  sol* 
phur,  and  16.67  per  cent,  of  silex  was  left.  The  mtrie 
sdution  was  then  decomposed  by  sulphat  of  soda,  and 
Ae  sulphat  of  lead  collected  and  weighed.  The  pn^- 
tion  of  metal  it  contained  (estimating  lOO  of  the  su^dnt 
to  be  equivalent  to  75«72  of  metal)  was  63.1  per  cent 
The  liquor  was  then  saturated  with  ammonia,  which  d^ 
posited  3.3  of  oxyd  of  iron,  and  lastly  carbonat  of  potash 
threw  down  S  of  carbonat  of  lime. 

hi  thsdry  way  the  galena  after  roasting  may  be  mixed 
with  thrice  its  weight  of  black  flux,*  covered  with  salt, 
and  melted,  when  a  button  of  reduced  lead  will  be  found 

*  Black  flux  18  made  by  deflagrating  together  in  a  red  hat  en- 
able equal  weights  of  crude  argol  or  tartar,  and  nitre.  In  a  com- 
mon way,  roast  an  ounce  of  the  powdered  ore  for  two  hours  fre- 
quently stirring  it :  then  add  to  it,  of  pounded  green  glaa  aa 
equal  weight,  and  of  borax  and  black  flux  each  also  an  eqol 
weight,  with  10  grains  of  lamp-black.  If  thrice  the  we^of 
Mack  flux  be  used,  the  alkali  will  dissolve  some  <^  the  kii 
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the  bottom,  which  wiU  also  contain  the  silver  and  other 
etals  if  present. 

The  tri^de  sulphuret  of  lead,  antimony,  and  copper 
und  in  Cornwall,  was  thus  analyzed  by  Mr.  Hatchett. 
Two  hundred  grains  were  put  into  a  matrass  with  two 
inces  of  muriatic  acid,  and  heated,  and  nitric  acid  was 
ded  dn^  by  drop,  till  the  whole  moderately  effervesced. 
was  then  gently  heated  for  an  hour,  and  a  green  solu- 
n  was  formed,  on  which  floated  a  quantity  of  sulphur, 
luch  was  collected,  digested  separately  with  a  litde  mu- 
itic  acid,  and  then  washed  and  dried.  It  weighed  34 
uns,  and  afterwards  burned  away  in  a  red  hot  earthen 
ip,  without  residue,  and  therefore  was  pure.  The  so- 
don,  with  the  muriatic  acid  in  which  the  sulphur  had 
sen  washed,  was  boiled,  and  then  mixed  with  6  pints 

*  boiling  distilled  water,  which  it  rendered  instantly 
ilky,  and  was  filtered  while  hot,  and  the  filter  washed 
lA  more  boiling  water.  The  white  precipitate  left  on 
e  filter,  when  dried  on  a  sand  bath,  weighed  63  grains, 
id  was  oxyd  of  antimony.  The  liquor  with  the  wash- 
^  deposited  on  cooling  some  crystallized  muriat  of 
ad.  It  was  evaporated  nearly  to  dryness,  and  a  fisw  drops 

*  sulphuric  acid  added  to  the  liquor  left,  to  separate  in 
e  form  of  a  sulphat,  what  little  of  the  lead  remained  in 
lution.  The  residue  was  then  redis3olved  in  boiling 
ater,  and  decomposed  entirely  by  sulphat  of  soda,  and 
le  sulphat  of  lead  thus  produced,  (added  to  the  former 
jTtion)  was  washed  and  dried  on  a  sand  bath,  and  weigh- 
1 120.2  grains. 

The  liquor  which  was  now  bluish-green,  was  rendered 
r  a  deep  blue  by  ammonia,  and  a  small  quantity  of  oxyd 
firon  separated,  which  when  dried  and  heated  with  wax, 
scame  magnetic,  and  weighed  2.4  grains. 

The  liquor  was  then  evaporated  nearly  to  diyness,boil. 
1  with  a  strong  lixivium  of  potash  till  nearly  dryi  and  oa 
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washing  with  water,  some  black  oxyd  of  cc^iper  was  left 
weighing  32  grains  after  thorough  drying. 

In  the  above  analysis  the  metals  are  estimated  as  in 
their  metallic  state,  this  being  the  state  in  which  they  exist 
in  the  sulphurets,  and  hence,  for  the  63  grains  of  oxyd  of 
antimony,  48.45  of  the  regulus  are  to  be  put  down»  and 
for  the  120.2  of  sulphat  of  lead,  the  author  estimates  85.24 
of  metallic  lead,  which  is  in  the  proportion  of  70.9  in  100. 

The  carbonat  of  lead  was  analyzed  by  Klaproth  in  the 
following  way :  I'.^O  grains  were  dissolved  in  a  mixtuit 
of  200  grains  of  nitric  acid  with  300  of  water,  and  the 
loss  of  weight  by  the  effervescence  noted,  which  amount 
ed  to  16  grains,  and  was  carbonic  acid.  The  nitric  so- 
lution was  then  diluted,  and  a  cylinder  of  zinc  inmiersed» 
which  precipitated  the  lead  in  the  metallic  state  in  beauti* 
ful  vegetations.  This  washed  and  dried^  weighed  77 
grains,  equivalent  to  82  of  oxyd,  as  it  is  in  this  state  that 
the  lead  exists  in  the  ore.  This  proportion  however,  would 
give  an  increase  of  only  6.5  of  oxygen  upon  100  of  lead. 

That  rare  variety  of  lead  ore,  the  compound  carbonat 
and  muriat  of  lead,  has  been  analyzed  both  by  Klajvodi 
and  Chenevix.  By  Klaproth,  the  following  method  was 
pursued :  fifty  grains  of  the  ore  were  rubbed  with  150 
of  very  pure  carbonat  of  potash,  (previously  freed  fiom 
every  muriat)  and  heated  in  a  platina  crucible  to  a  mode- 
rate redness,  then  lixiviated  and  filtered.  An  oxyd  of 
lead  was  left  behind.  The  solution  was  slightly  super- 
saturated with  nitric  acid  and  precipitated  with  nitrat  of 
silver.  The  muriat  of  silver  thus  obtained  weighed  27 
grains,  equal  to  more  than  4  of  concrete  muriatic  acid. 
Another  quantity  of  the  ore  of  100  grains  was  then  pow- 
dered and  nitric  acid  affused,  which  produced  an  efferve- 
scence of  carbonic  acid.  This  solution  gave  with  nitrated 
silver  55  grains  of  luna  cornea,  corresponding  very  close- 
ly in  proportion  wiUi  the  former  experiment,  the  add  of 
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vliich  amounted  to  8.5  grains.  The  lead  was  tben  pre- 
cipitated by  caustic  potash  and  the  oxyd  thus  procured 
weighed,  after  thorough  drying,  85  1-2  grains,  which  is 
die  state  of  oxygenation  in  which  it  is  supposed  to  exist  in 
tlieore.  In  this  case,  therefore,  85.5  grains  of  oxyd  of 
lead  were  combined  with  only  8.5  of  muriatic  acid  which 
b  fiur  short  of  the  saturating  quantity,  since  in  the  artificial 
crystallised  muriat  of  lead  the  proportion  of  acid  amounts 
to  13  or  14  per  cent.  This  deficient  saturation  dierefore 
allows  the  presence  of  carbonic  acid,  which  amounts  to 
6  grains,  and  completes  the  saturation  of  oxyd. 

A  similar  ore  was  analyzed  by  Mr.  Chenevix,  nearly  in 
die  same  way  and  with  the  same  result.  The  ore  was 
first  dissolved  in  nitric  acid,  and  the  quantity  of  carbonic 
acid,  amounting  to  6  grains,  estimated  by  the  loss  after 
effirvescence.  The  solution  was  then  neutralized  by  am- 
monia, and  tried  by  different  tests.  As  nitrate  of  lime 
gave  no  precipitate,  the  solution  could  not  contain  either 
the  arsenic  or  molybdic  or  phosphoric  acids,  and  as  nitrat 
of  barytes  gave  none,  the  absence  of  sulphuric  acid  was 
proved. 

Nitrat  of  silver  was  then  added  and  a  copious  precipi- 
tate ensued,  and  tlie  luna  cornea  weigiied  after  drying  48 
grsdns,  which  Mr.  C.  estimates  as  equivalent  to  8  of  mu- 
riatic acid.  The  composition  of  the  ore  is  thus  stated  : 
6  grsdns  of  carbonic  acid  saturate  34  of  oxyd  of  lead,  and 
8  of  muriatic  acid  saturate  51  of  oxyd  of  lead,  and  the 
acids  may  be  supposed  to  be  in  the  state  of  perfect  satu- 
ration, consequentiy  the  ore  is  composed  of  59  muriat  of 
leMi  and  40  of  carb(mat  of  lead ;  orof  14of  acidand  85 
tfozyd. 

The  Anglesea  sulphat  of  lead  was  thus  analyzed  by 
Kbprath :  100  grains  were  first  ignited  moderately  and 
lost  two  grains,  which  were  water  of  crystallization.  The 
lonaindffr  was  mixed  with  400.  grains  of  carbonaled.pot^ 
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ash,  and  kept  for  some  time  in  a  red  heat  in  a  platinacrup 
cible^  which  gave  a  reddish-yellow  hardened  mass*  Thisi 
digested  with  water,  was  all  dissolved  except  the  oxyd  oC 
lead  separated  in  the  previous  process,  amounting  to  73 
grainS)  after  strong  dr}4ng.  This  oxyd  was  redissdved 
in  nitric  acid,  and  deposited  thereby  one  grain  of  oxyd  of 
m>n.  The  solution  was  then  decomposed  by  zinc,  and 
yielded  66.5  grains  of  metallic  lead.  The  alkaline  fluid 
formed  by  the  washing  of  the  contents  of  the  crucible,  af- 
ter ignition,  was  then  saturated  with  nitric  acid  and  acetate 
of  barytes  added  as  long  as  any  sulphat  of  baiytes  was 
precipitated.  This  amounted  to  73  grains,  equal  to  ^8 
of  concrete  sulphuric  acid  on  tlie  estimation  that  li.O  pails 
(after  ignition)  contain  34  of  acid»  The  iron  in  this  at 
appears  merely  casual. 

The  phosphated  lead  ores  have  been  also  examined  by  ' 
the  ssune  eminent  Chemist  with  much  attention.     The  ' 
composition  of  all  the  varieties  is  very  unifcrm,  all  con- 
sisting of  phosphoric  acid  and  oxyd  of  lead,  together  with  , 
muriatic  acid,  the  quantity  of  which  varies  very  littie*   It 
b  a  distinguishing  and  singular  property  of  the  pbosphat 
of  lead,  that  when  melted  into  a  round  bubble  under  the   ^ 
blow-pipe  it  assumes  a  regular  polygonal  garnet-shaped  ' 
form  on  the  moment  of  solidifying  by  cooling. 

The  green  phosphat  was  thus  analyzed :  after  some 
imperfixt  attempts  at  reduction  in  the  dry  way,  100  grains 
of  die  ore  were  dissolved  in  hot  nitric  acid  leaving  no  re* 
sidue.  Nitrat  of  silver  then  gave  a  precipitate  of  11 
grains  of  iuna  cornea,  the  muriatic  acid  of  which  amount 
edto  1.7  grains^  Sulphuric  acid  was  then  added  totbe 
warmed  solution,  by  which  sulphat  of  lead  was  precipitat- 
ed, weighing  after  igniticm  106  grams,  equal  to  73.61  of 
metallic  lead  or  78.4  of  the  oxyd.  The  liquor  was  dKB 
fineed  fixnn  the  excess  of  su^huric  acid  by  nitrat  of  baiy- 
tes»  it  was  then  neariy  saturated  with  ammonia,  and  aoe* 
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ife  oflead  added.    The  phosphoric  acid  in  the  solution^ 
Ms  then  precipitated  in  the  form  of  phosphat  of  lead, 
weighing,  after  i^ition,  82  grains,  of  which  the  mere  acid 
amounts  to   18.37  grains*     The  rest  of  the  solution  was 
then  mixed  with  a  little  muriatic  acid,  inspissiated  by- 
evaporation,   and  alcohol  added  to  rcdissolve  the  muriat 
of  iron  then  formed,  if  any,  from  which  by  the  addition 
of  pnissiat  of  potash  there  was  obtained  an  extremely 
small  blue  precipitate,  indicating  no  more  than  about  .1 
of  a  grain  of  ox  yd  of  iron* 

In  anotlier  experiment  the  phosphoric  acid,  instead  of 
bdi^  engaged  with  lead,  was  saturated  partly  by  soda, 
partly  by  ammonia,  and  by  due  evaporation  and  cooling, 
crystals  of  the  microcosmic  salt,  or  the  phosphat  of  soda 
and  ammonia  were  obtained*  The  other  varieties  of  this 
phosphat  were  analyzed  in  the  same  way* 

Withfegard  to  the  analysis  of  the  molybdat  oflead  the 
reader  is  referred  to  the  article  Molybdena  and  to  Chrome^ 
far  the  Chromat  of  lead.  Those  ores  in  which  lead  is 
only  a  small  part  of  the  metallic  contaits  will  be  described 
onder  the  other  metals  as  silver,  bismuth.  See. 

The  compoimd  of  oxyd  of  arsenic,  lead,  and  iron,  ex** 
amined  by  Lelievre,  and  Vauquclin,  gave  the  following  ap- 
pearances :  100  parts  roasted  for  half  an  hour,  with  a  lit- 
de  suet  added  occasionally  to  favour  the  evaporation  of 
the  arsenic,  lost  38,  and  became  black  and  magneticaL 
The  remiuning  62  parts  boiled  in  muriatic  acid  made  a 
red  solution,  giving  out  much  oxymuriatic  acid  gas^ 
and  crystallized  muriat  of  lead  was  deposited*  This  so- 
lution evaporated,  redissolved  in  water,  and  decomposed 
by  sulphat  of  soda,  gave  25  of  sulphat  of  lead,  equal  to 
20.2  oflead  or  l2  of  the  oxyd4  The  residue,  saturated 
with  ammonia,  gave  39  parts  of  oxyd  of  iron. 
The  analysis  of  lead  ores  in  the  dry  way  is  attended 
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whk  much  mof^  loss  of  the  metallic  contents,  cspecM^ 
when  alkaline  fluxes  are  used,  all  of  which  act  mcceof 
less  on  das  oxyd. 

Smekwg  and  reduction  of  Lead  Ores. 

The  only  ore  of  lead  that  is  wrought  in  the  large  waf  b 
galena,  ai^  the  method  of  treating  this  is  very  sinqii^ 
partly  on  account  of  die  richness  of  the  ore,  and  pafdyca 
account  of  the  low  price  of  the  metal  itself,  wtuch  dxn- 
fore  will  not  admit  of  any  but  the  most  summary  mediodl 
of  bringing  it  into  a  marketable  state. 

The  ore  when  first  brought  up  from  the  mine  is  drestei 
by  women  and  boys,  who  with  a  hand-hammer  sepntt 
die  greater  part  of  the  adhering  impurities,  con^sting  d 
blende,  iron,  pyrites,  quartz,  calcareous  spar,  Sec.  The 
residue  being  broken  into  pieces  about  the  size  of  a  hazk- 
nut,  is  washctl  fix>m  all  adhering  clay  and  dirt,  and  b  dxa 
ready  to  be  smelted.  The  furnace  used  for  this  piupose 
b  die  comm(»i  reverberatory  with  a  tbw  arch.  A  too  oi 
more  of  the  ore  b  spread  on  the  floor  of  the  furnace,  nl 
by  means  of  the  flame  from  pit-coal  it  b  quickly  broiigfi 
to  a  bright  red  heat.  In  thb  situation  it  is  occasionalt| 
stirred  with  iron  rakes  to  expose  fresh  surfa6es  to  the  ac- 
Hod  of  the  flame  and  facilitate  the  separation  of  the  sol* 
phur.  In  a  shcxt  time  the  mass  begins  to  acquire  a  pas^ 
contdstence ;  upon  which  the  heat  b  lowered  and  the  or 
b  kept  at  a  dull  red  till  the  sulphur  b  nearly  all  got  nl 
of ;  the  fire  bdng  then  increased  the  ore  is  brought  toi 
state  of  perfect  fusion,  and  visibly  consbts  of  two  fluids; 
the  lower  b  the  metallic  lead,  the  upper  is  a  vitreous  dagi 
still  holding  a  considerable  portion  of  lead  but  mixed  with 
various  impurities.  In  thb  state  of  the  process  the  fire  is 
damped  and  a  few  spadefiils  of  quicklime  are  thrown  intt> 
diefluid  mass ;  by  thb,  the  scoriae  are  suddenly  soUdifiodi 
and  are  raked  to  the  »de  of  the  furnace ;  the  tap-hokis 
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hen  t^iened,  and  the  lead  runs  into  moulds  placed  to  re- 
leive  it,  where  it  congeals  into  oblong  masses  called  pigs^ 
reighing  about  60  pounds  each.  As  soon  as  xhc  lead 
as  run  out  of  the  funiace,  the  tap-hole  is  closed,  the 
coiiae  are  replaced  in  the  bed,  and  being  quickly  raised 
1  a  g^wing  red  heat  are  soon  melted  ;  the  greatest  part 
f  die  lead  that  they  contained  by  this  means  collects  into 

mass  at  the  bottom  ;  a  little  lime  is  thrown  in  as  beftire, 
be  scoriae  thus  rendered  solid  are  raked  aside,  and  the 
ad  wlijch  they  covered  is  let  off  into  a  mould.  Tliis 
Mond  scoriie,  though  still  holding  from  5  to  8  per  cent, 
riead,  is  now  removed  from  the  furnace,  and  applied  to 
>  purpose  but  that  of  mending  roads,  tlie  expence  of  se- 
traiing  the  last  portions  of  metal  being  more  than  the 
ilue  of  the  produce. 

Xhe  lead  of  the  first  nmning  is  the  best ;  that  procured 
olQ  the  scorix  being  sensibly  harder,  and  less  malleable 
1  account  of  the  iron  that  it  contains. 

It  is  a  matter  of  doubt  among  the  most  intelligent 
nelters  whether  there  is  any  advantage  in  retaining  the 
ffbooatof  lead,,  with  which  the  galena  is  very  often  mtx- 
I  in  considerable  proportion.  On  the  one  hand  it  is  cer- 
in  that  it  contains  a  large  quantity  of  metal,  and  in  s&- 
lys  la  very  easily  reducible ;  but  on  the  other  hand,^ 
hen  treated  in  the  reverberatory,  it  vitrifies  almost  at  the 
ra  impression  of  the  heal,  and  being  a  very  active  fliuc 

wzpl  to  bring  the  whole  into  fusion  while  much  sul- 
bur  &till  remains  unsublimed ;  hence  the  amount  of 
wrisc  is  prodigiously  increased,^  and  with  it  the  trouble 
Mbe  smelters,  while  the  produce  of  lead  is  verj'  litlW 
lamented.  [2  Aikin,  14. 

The  following  practical  remarks  of  the  Bishop  of  Lan- 
laff,  are  well  worth  attention. 

ix  is  not  fifty  years  since  tlie  blast  or  hettrth  furnace, 
nis  the  only  one  ia  use  for  smelting  lead  ore  in  jOfr6y. 
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sMre.  In  this  fiirnace,  ore  and  charcoal,  dr  ore  and  what 
diey  call  white  coal,  which  is  wood  dried  but  not  charred, 
beiiipf  placed  in  alternate  layers,  upon  a  hearth  properly 
constructed,  the  fire  is  raised  by  the  blast  of  a  bellows, 
moved  by  a  water  wheel ;  the  ore  is  soon  smelted  by  the 
violence  of  the  fire,  and  the  lead  as  it  is  produced  trickles 
down  a  proper  channel,  into  a  place  contrived  for  its  re- 
ception. There  are  not  at  present,  I  believe,  above  one 
or  two  of  these  ore  heart/is  in  the  whole  county  of  Dct- 
by ;  this  kind  of  furnace,  howeyer,  is  not  Ukdy  to  go  en- 
tirely out  of  use,  since  it  is  fh?quendy  applied  to  the  ex- 
tracting lead  fix)m  the  slag  which  is  produced  either  at  die  - 
ere  hearth^  or  the  cupola  furnace,  and  it  is  then  called  a 
slag  hearth ;  and  the  lead  thus  obtained  is  called  dag 
lead:  the  fire  in  a  slag  hearth  is  made  of  the  cindo*  of  pi^ 
coal  instead  of  charcoal  of  wood. 

Tlie  furnace  called  a  cupol  or  cupola^  in  which  ores  are 
smelted  by  the  flame  of  pitcoal,  is  said  to  have  been  in- 
vented  about  the  year  1 798,  by  a  physician  named  fFrighl^ 
diough  Beccher  may,  perhaps,  be  thought  to  have  a  prior 
claim  to  its  invention  or  introduction  from  Gernruuiy. 
But  whoever  was  the  first  inventor  of  the  cupola,  it  is  now 
in  general  use,  not  only  in  Derbyshire  and  other  counties, 
for  the  smelting  of  ores  of  lead,  but  both  at  home  and 
abroad,  wliere  it  is  called  the  English  furnace,  for  the 
smelting  of  copjier  ores.  This  funiace  is  so  contrived, 
that  the  ore  is  melted,  not  by  coming  into  immediate  con- 
tact with  the  fuel,  but  by  the  reverberation  of  the  flame 
upon  it  The  bottom  of  the  funiace  on  which  the  lead 
ore  is  placed,  is  somewhat  concave,  shelving  from  the 
sides  towai'ds  the  middle ;  its  roof  is  low  and  arched,  re- 
sembling the  roof  of  a  baker's  oven ;  the  fire  is  placed  at 
one  end  of  the  furnace,  upon  an  irontfratc,  to  the  bottom 
of  wliicli  the  air  has  free  ;i('ccss  ;  at  the  other  end  op|X)- 
wtc  to  the  fire-place,  is  a  hi^^h  perpendicular  chimney  ;  ihfi 
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drecdon  of  the  flame,  when  all  the  apertures  in  the*  sides 
tf  the  furnace  are  closed  up,  is  necessarily  cleterminv^^ 
hf  the  stream  of  air  which  enters  at  the  grate,  towards' 
die  chinmey,  and  in  tending  thither  it  strikes  upon  the 
voof  of  the  furnace,  and  being  reverberated  from  thencef 
vi^fitk  die  ore,  it  soon  melts  it, 

<:  Ife  is  not  always  an  easy  matter  to  meet  with  a  current 
,   .flf  water  sufficient  to  move  the  bellows  required  in  smelts 
.    fag  cn  an  hearth  furnace ;  and  to  cany  the  ore  from  the 
I   mine  where  it  is  dug  to  a  considerable  distance  to  be 
i    mdted,  is  attended  with  great  ex  pence ;  this  expence  is 
I  iivtd  by  smelting  in  the  cupola  furnace,  whichnot  requiiv 
w  }fi^  die  use  of  bellows,  may  be  constructed  any  where« 
f   Wood  b  very  scarce  in  every  mining  county  in  Englaud  i 
woA  diQUgh  pitcoal  costs  ten  or  twelve  shillings  a  ton  in 
Derbyshire,  (1787)  yet  they  can  smelt  a  definite  quantity 
ef  ore  in  the  cupola,  at  a  far  less  expence  by  means  of 
pilcoaly  dian  of  wood.— ^The  flame  which  plays  uix)n  the 
\  ffnfiice  of  the  ore  and  smelts  it  in  a  cupola  furnace,  is  not 
\    driven  against  it  with  much  violence;  by  this  meaqs 
■aril  particles  of  ore,  called  bel/and,  may  be  smelted  in  a 
cupola  furnace  with  great  convenience,  which  would  be 
t   driven  awuy,  if  exposed  to  the  fierce  blast  of  a  pair  of 
bdlows  in  a  hearth  furnace.     These  are  some  of  the  ad- 
vantages attending  dx  use  of  a  cupo)a  in  preference  to  a 
hearth  furnace ;  and  to  these  may  be  added  one  superior 
Id  all  the  rest, — the  preservation  of  the  workmen's  lives ; 
die  noxious  particles  of  lead  are  carried  up  the  chimney 
in  a  cupola,  whilst  they  are  driven  in  the  face  of  the  hearth 
imdter  at  every  blast  of  the  bellows.^ 

They  generally  put  into  the  cupola  furnace  a  ton  of  ore, 
picviously  beat  small  and  pro]>erly  dressed,  at  one  time ; 

*  In  the  neighbourhood  also  of  blast  furnaces,  the  chimney  is 
lined,  and  the  adjacent  ground  covered  with  the  white  oxyd  of 
^^  which  is  lost  to  the  smelter.  T.  C% 


IM 


Ijead. 


this  quantity  they  call  a  charge ;  if  the  ore  is  very  poor 
in  lead,  they  put  in  somewhat  more,  and  they  work  off 
three  charges  of  ore  in  every  twentj'-four  hours.  In  about 
MX  hoiu^  from  the  time  of  charging,  the  ore  becomes  as 
Quid  as  milk.  Before  the  ore  becomes  fluid,  and  even 
wlulst  it  continues  in  a  state  of  fusion,  a  considerable 
portion  of  its  weight  is  carried  oiF  through  the  chimney ; 
what  remains  in  the  furnace  consists  of  two  difierent  sub- 
stances,— of  the  lead,  for  the  obtaining  of  which  the  pro 
cess  was  commenced, — and  of  the  slag  or  scoria.  The 
proportion  between  these  parts  is  not  always  the  same, 
even  in  the  same  kind  of  ore ;  it  depending  much  upaa 
the  management  of  the  fire.  The  lead,  being  heawtr 
tfian  the  slag,  sinks  through  it  as  it  is  formed,  and  setlla 
mto  the  concavity  of  the  bottom  of  the  furnace.  The 
pure  slag,  according  to  the  idea  here  given,  is  that  pan  of 
the  ore  of  lead  which  is  neither  driven  off  by  the  lieat  <rf 
the  furnace,  nor  changed  into  lead.  In  order  to  obtain 
die  lead  free  from  the  slag  which  swims  over  it,  tiie  smelt- 
ers usually  throw  in  about  a  bushel  of  lime  ;  not,  as  is 
usually  supposed,  in  order  to  contribute  towards  the  more 
perfect  hision  of  tlie  ore,  but  to  dry  up  tlie  slag  which 
Boats  upon  the  surface  of  the  lead,  and  which,  being  as 
liquid  as  lead,  might  otherwise  flow  out  along  uith  it,, 
The  slag  being  thus  thickened  by  an  admixture  of 
is  raked  up  towards  tlie  sides  of  the  furnace,  and  the 
is  left  at  the  bottom.  There  is  a  hole  in  one  of  the  sidCB' 
of  the  furnace,  which  is  property  stopped  during  the 
smelting  of  die  ore ;  when  the  slag  is  raked  off,  this  hole 
is  opened,  and  being  situated  lower  than  the  lead  in  the 
furnace,  the  lead  gushes  through  it  iuto  an  iron  pot  placed 
contiguous  to  the  side  of  the  furnace  ;  from  this  pot  it  b 
laded  into  iron  moulds,  each  contaiuijig  what  they  call  a 
pig  of  lead  ;  the  pigs,  when  cold,  being  ordinarily  stamp* 
ed  with  the  maker's  name,  are  sold  midev  the  name 
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After  tfie  lead  lias  all  flowed  out  of  the  furnace, 
ftey  stop  up  the  tap-hole,  and  drawing  down  the  slag  and 
bme  into  the  middle  of  the  furnace,  they  raise  the  hre  till 
the  mixture  of  ^lag  and  lime,  which  they  simply  term  slag, 
is  rendered  very  liquid ;  upon  this  liquid  mass,  they 
throw  anoUier  quantity  of  lime  to  dry  it  up,  as  in  tlie  for- 
mer part  of  the  process.  This  second  mixture  of  slag 
and  lime  is  then  raked  out  of  the  furnace,  and  the  small 
pcrtian  of  lead  separated  from  the  fusion  of  the  first,  gene- 
rally to  the  amount  of  twenty  or  thirty  pounds,  being  let 
eut  of  the  furnace,  a  new  charge  of  ore  is  put  in,  and  llie 
Intention  re-commenced.  In  order  to  sparethe  time,  and 
the  expence  of  fuel  attending  the  fluxing  d*  the  mixture 
of  lime  and  slag,  Uicy  have  in  some  furnaces  lately  con- 
trived a  hole,  through  which  they  suffer  the  main  part  of 
the  liquid  slag  to  flow  out,  before  they  tap  the  furnace  for 
the  lead  ;  upon  the  little  remaining  slag  they  throw  a  small 
portion  of  lime,  and  draw  the  mixture  out  of  the  furnace 
without  smelting  it.  This  kind  of  furnace  they  have  nick* 
named  a  Maccaroni. 

The  process  of  smelting  here  described,  appears  to  be 
defective  in  some  points,  which  I  will  take  the  liber^  to 
mention,  and  at  tlie  same  time  suggest  the  means  of  im- 
provement ;  without,  however,  presummg  to  say,  how 
far  it  may  be  expedient  to  adujit  the  proposed  alterations ; 
being  sensible  that  \vhat  may  appear  very  feasible  in 
theory,  or  may  even  aiisw  tr  in  sniLiii  ^issays,  may  not  be 
pracricable  in  large  works. 

The  first  aheralion  which  I  would  propose  to  the  con- 
wlaation  of  the  lead  smelters,  is  to  substitute  an  horizon- 
tal chimney  of  two  or  three  hundi-cd  yards  in  length,  in 
die  place  of  the  perpendicular  one  noiv  in  use.  Li  ihe 
pRGcdiog  Essay,  which  was  first  pubUslied  in  1778,  men- 
tion U  made  u!  the  probability  of  saving  a  large  quantity 
tf  sublimed  lead,  by  m;iking  the  smoke  which  rises  from 
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the  ore  pass  through  a  horizontal  chimney,  with  varioiu 
windings  to  condense  the  vapour.  I  have  since  conversed 
with  some  of  the  principal  lead  smelters  in  Derbyshre^ 
■and  find  that  I  had  over-rated  the  quantity  of  this  sub- 
limed  lead ;  tlie  weight  of  the  scoria  from  a  ton  of  ore, 
amounting  to  more  than  I  had  supposed;  they  were  all 
of  them,  however,  of  opinion,  that  the  plan  I  had  proposed 
for  sa\'ing  the  sublimate,  was  a  very  rational  one.     But 
so  difficult  is  it  to  wean  artists  from  their  ancient  ways  of 
operating,  that  I  question  very  much  whether  any  of  them 
'would  ever  have  adopted  the  plan  tliey  approved,  if  an  ho- 
rizontal chimney,  which  was  built  a  little  time  ago  in 
Middleton  daky  for  a  quite  difierent  purpose,  had  not  given 
ihem  a  full  proof  of  the  practicability  of  saving  the  subli- 
mitte  of  lead,  M'hich  was  lost  in  the  ordinary  method  of 
smelting.     This  chimney  was  built  on  the  side  of  an  hill 
to  prevent  some  adjoining  pastures  from  being  injured  by 
the  smoke  of  the  furnace.     It  not  only  answers  that  end, 
but  it  is  found  also  to  collect  considerable  quantities  of  the 
lead,  which  is  sublimed  during  die  smelting  of  the  oie ; 
tliis  sublimed  lead  is  of  a  whitish  cast,  and  is  sold  to  the 
painters  at  ten  or  twelve  pounds  a  ton  ;  it  might  petiiaps 
be  converted  into  red  lead  with  still  more  profit. 

A  second  circfumstance  to  be  attended  to  in  the  smelt* 
ing  of  lead  ore,  is  the  saving  the  sulphur  contained  in  it 
The  pure  lead  ore  of  Derbyshire  contains  between  an 
eighth  and  a  ninth  part  of  its  weight  of  sulphur ;  but  as 
the  ore  which  is  smelted  is  never  pure,  being  mixed  with 
particles  of  spar^  cawk^  limestoney  brazil^  and  other  sub- 
stances>  which  the  miners  call  deads  we  shall  be  lug^ 
enough  in  our  supposition,  if  we  say  that  the  ordinary  ore 
contains  a  tenth  of  its  weight  of  sulphur ;  it  may  not,  pro- 
bably, contain  so  much,  but  even  a  twelfth  part,  could  it 
be  collected  at  a  small  expence,  would  be  an  object  of 
great  im])artance  to  the  smelter.     In  the  common  method 


of  sttidting kad  ore  there  bno  appearance  of  thfe sulphur 
it  oontAins,  it  is  consumed  by  die  flame  of  the  furnace,  as 
soon  as  it  is  separated  from  the  ore  ;  an  attentive  observer 
vQBjj  indeed,  by  looking  into  the  furnace,  distinguish  a 
ifiver^  in  the  colour  of  the  flame,  at  difierent  periods  of 
Ae  process ;  during  the  first  three  or  four  hours  after  the 
Qit  18  put  into  the  furnace,  the  flame  has  a  bluish  tint,  pro- 
Deecfing  ik)  doubt  from  the  sulphur  which,  in  being  sub* 
Bmed  from  tlie  ore,  is  inflamed :  after  all  the  sulphur  is 
Beporaled  fi'om  the  ore,  the  flame  has  a  whitish  cast,  and 
dien,  and  not  before,  the  fire  may  be  raised  for  finishing 
die  operation ;  for  if  tlie  fire  be  made  strong  before  the 
sulphur  be  dispersed,  the  quantity  of  lead  is  less,  probably^ 
for  two  reasons ;  the  sulphur  unites  itself  in  part  to  the 
lead  wluch  is  formed,  aiid  by  this  union  becomes  insepa* 
idUe  fitxn  it ;  fin'  the  sulphur  cannot  without  much  difli^ 
MxAtf  be  separated  fix)m  an  artificial  mixture  of  lead  and 
sdibul',  when  the  two  ingredients  have  been  fiised  to- 
getfier. — 2.  The  sulphur,  whilst  it  continues  united  to 
the  lead  in  the  natural  ore,  renders  the  ore  volatile,  so  that 
ina  strong  heat  a  great  portion  of  it  is  driven  off.  Henoe^ 
very  sulphiuieous  ores  sdiould  be  roasted  for  a  long  time 
with  a  gentle  heat,  and  in  this  proper  management  of  the 
fire,  principally  consists  the  superiorly  of  one  smdtef 
above  another. 

An  old  lead  smelter  informed  me  that  he  had  often  re« 
dooed  a  ton  of  ore  to  sixteen  hundred  weight  by  roasting 
it,  but  that  he  did  not  obtain  more  metal  bom  it  by  a  sub- 
sequent fuiuon,  than  if  he  had  fluxed  it  witliout  a  previous 
foasting.  This  may  be  true  of  some  sorts  of  ore,  but  it 
isnot  true  of  very  sulphureous  ores.  Indeed  the  fire  may 
be  so  r^ilated  in  a  cupola  furnace,  as  to  make  it  an- 
swer the  purpose  of  a  roasting  and  a  smelting  fiumace  at 
die  same  time.  I  have  seen  much  lead  lost  by  smelting 
»  ton  of  sulphureous  ore  in  eight  hours,  which  mi^ 
Vol.  III.  B  h 
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have  becai  saved,  if  die  fire  had  at  first  been  kept  so  gen- 
tle as  to  liave  allowed  twelve  hours  for  finishing  the  ope- 
ration. 

Sulphur  cannot  be  separated  from  lead  ore  in  close  ves- 
sels, and  tlie  lead  ore  melts  witii  so  small  a  degree  of  heat, 
that  there  may  be  more  difficulty  in  procuring  the  sul- 
phur from  the  ores  of  lead,  than  from  those  of  c(^per  or 
iron,  however,  I  am  far  from  thinking  the  matter  imprac- 
ticable, thougli  I  have  not  yet  hit  upon  the  method  of  do- 
ing it ;  and  the  following  reflections  may,  perhaps,  tend 
to  supercede  tlie  necessity  of  collecting  tlie  sulphur  m 
substance. 

When  it  b  said  that  die  sulphur  is  consumed  by  die 
flame  of  the  furnace  as  so(xi  as  it  is  separated  from  tl^  ae, 
the  reader  will  please  to  rccoHect,  that  sulphur  consists  of 
t^voparts,— of  an  inflammable  part,  by  which  it  is  rendered 
combustible,«*^and  of  an  acid  part,  whicli  is  set  at  liberty, 
in  the  form  of  vqx)ur,  during  the  burning  of  the  sulphur. 
Now  this  acid,  though  it  may  be  driven  out  of  the  furnace 
in  die  form  of  a  vapour,  yet  it  is  incapable  of  being  dicre- 
by  decomposed  ;  it  still  continues  to  be  an  acid ;  and, 
could  the  vapour  be  condensed,  might  answer  all  the 
same  purposes  as  the  acid  of  vitrigl ;  since  all  the  add 
of  vitriol,  now  used  in  commerce,  is  actually  procured 
from  die  burning  of  sulphur.     That  the  fact,  with  respect 
to  the  acid  not  being  decomposed,  is  as  I  have  stated  it, 
may  be  readily  proved.     Tlie  smoke  which  issues  out  of 
the  chimney  for  some  hours  after  each  finesh  charge  of  oie, 
has  a  sufibcating  smell,  perfectly  resembling  the  smell  of 
bumuig  brimstone  \  and  if  a  wet  cloth,  or  a  wet  hand,  be 
held  in  it  for  a  very  short  space  of  time,  and  afteru'ards 
applied  to  the  tongue,  a  strong  acid  will  be  sensibly  per- 
ceived.    Various  methods  may  be  invented  for  .condens- 
ing this  acid  vapour,  and,  probably,  more  commodious 
tfian  tlic  following  one,  which,  how  ever,  I  will  just  take 
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the  liberty  of  mentioning,  as,  if  it  should  not  succeed,  the 
trial  will  be  attended  with  very  little  ex  pence. 

Supposing  then  an  horizontal  chimney  to  be  built,  let 
the  end  farthest  from  the  fire  be  turned  up  by  a  tube  of 
earthen  ware,  or  otherwise,  so  that  the  sulphureous  acid 
may  issue  out  in  a  direction  parallel  to  the  flue  of  the 
clumney,  and  at  the  distance  of  al^out  a  foot  and  an  half 
above  it.  Let  a  number  of  large  globular  vessels  be  made 
of  either  glass  or  lead,  each  of  these  globes  must  have  two 
ne>;ks  so  as  to  be  capable  of  being  insefted  mto  one  an- 
other ;  let  these  vessels  be  placed  on  tl\e  flue  of  the  chim- 
ney,  the  neck  of  the  first  being  inserted  into  the  tube 
through  which  we  have  supposed  the  sulphureous  acid  to 
issue,  and  the  neck  of  the  last  being  left  open,  for  fear  of 
injuring  the  draught  of  tlie  furnace.  Let  each  of  these 
globular  vessels  contain  a  small  quantity  of  water,  then  it 
b  conceived,  that  tlie  heat  of  the  flue  will  raise  the  water 
into  vapour,  and  that  this  watery  vapour  will  be  the 
means  of  condensing  the  sulphureous  acid  vapour,  if  not 

^  wholly,  at  least  in  such  a  degree  as  may  render  the  un- 
dertaking profitable.*     When  the  sulphur  is  all  con- 

,  sumedy  the  draught  of  the  furnace  may  be  suffered  to 
have  its  ordinary  exit  at  the  end  of  the  horizontal  chimney, 
by  a  very  slight  contrivance  of  a  moveable  damper.  Since 
the  first  publication  of  tlie  preceding  Essay,  I  have  seen 
an  horizontal  chimney  at  tlie  copper  works  near  Liver- 
pool, where  every  thing  I  had  said  concerning  the  proba- 
bility of  saving  sulphur  by  roastmg  lead  ore,  is  verified 
OTth  respect  to  copper  ore ;  and  I  believe  a  patent  has 
been  granted  to  some  individual  for  tliis  mode  of  collect- 
ing sulphur.  Sulphur  might  be  obtained  with  equal  fa- 
cility fironj  the />yri^<?5  which  is  found  ^amongst  coal,  and 

*  The  sulphur  may  be  worth  saving,  but  I  greaUy  doubt  if  thjft 
litriolic  acid  be»  T.  (^ 
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this  application  of  the  pyrites  might,  probably,  be  mon 
lucrative  than  the  present  one^ — making  green  vitrioL 

A  third  oircumstance,  which  requires  the  utmost  can 

of  the  lead  smelter,  is  the  leaving  as  little  lead  as  possiU 

in  the  slag.  Near  every  smelting-house  there  are  thousand 

of  tons  of  slag,  which  when  properly  assayed,  ar^  foun 

to  yield  from  one^eighth  to  one^tenth  of  their  weight  o 

lead  \  though  no  person  has  yet  discovered  a  method  o 

extracting  so  much  from  them  when  smelted  in  lai^g 

quantities  s  and  indeed  the  smelters  are  so  little  able  tx 

obtain  all  the  lead  contained  in  them,  that  in  many  plaoc 

they  never  atten^pt  to  extract  any  part  of  it :  in  somi 

places  where  they  do  attempt  it,  I  have  known  the  pio 

prietor  of  the  slag  allow  the  smelters  20  s.  for  every  pig  o 

lead  they  procured  of  the  value  of  S8s.  besides  fumishioil 

them  with  fuel  2  and  yet  the  men  en^ploy ed  in  such  an  un 

wholesome  business,  seldom  made  above  7s.  a  week  0 

their  labour.    This  fusion  of  the  slag  of  a  cupola  f^xnaa 

is  ma^,  as  has  been  mentioned,  at  a  hearth  furnace ;  d|i 

coal  cinder,  which  they  use  as  fuel,  and  the  slag,  arp  sooi 

melted  by  the  strong  blast  of  the  bellows  into  a  bbcl 

mass,  which,  when  the  ^  is  very  strong,  becomes  a  per 

feet  glass ;  this  black  mass,  even  in  its  most  liquid,  state 

is  very  tenacious,  and  hinders  many  of  the  particles  of  leac 

^m  subsiding,  and  it  being  from  time  to  time  removec 

irom  the  furnace,  a  considerable  quantity  of  lead  is  left  ii 

it,  and  thereby  lost.    A  principsd  part  of  the  lead  cont^ 

ed  in  the  slag  of  the  cupola  furnace,  is  not,  I  apprehend 

in  the  form  of  a  metal,  but  in  the  form  of  a  litharge  a 

calcined  lead :  a  portion  of  the  lead,  in  being  smdtec 

from  its  ore,  is  calcined  by  the  violence  of  the  fire  ;  this 

calcined  lea^  is  not  only  very  vitrifiable  of  itself,  but  it 

helps  to  vitrify  the  spar  which  is  mixed  with  the  (xne,  and 

thus  constitutes  the  liquid  scori^ ;  might  it  not  be  useful 

to  throw  a  quantity  of  charcoal  dust  upon  the  liquid  scoria 
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in  the  cupola  furnace,  in  order  that  the  calcined  lead 
might  be  converted  into  lead,  by  uniting  itself  to  the  in- 
flammable principle  of  the  charcoal?^ — Iron  will  not  unite 
with  lead,  but  it  readily  unites  with  sulphur,  and,  when 
added  to  a  mixture  of  lead  and  sulphur,  it  will  ab9(»'b  the 
sidphur,  leaving  the  lead  in  its  metallic  form ;  might  it 
not  be  useful  to  flux  sulphureous  lead  ores  in  conjunction 
with  the  scales  or  other  refuse  pieces  of  iron,  or  even  with 
some  sorts  of  iron  ore  ?-*-*The  smelter's  great  care  should 
be  to  extract  as  much  lead  as  possible  at  the  first  opera- 
tion of  smelting  the  ore,  and  to  leave  the  slag  as  poor  as 
pos^ble ;  but  if  he  should  still  find  either  the  slag  of  the 
cupola  furnace,  or  that  of  the  hearth  furnace,  containing 
much  lead  (as  that  even  of  the  hearth  furnace  certainly 
does),  he  may,  perhaps,  find  it  worth  his  while  to  reduce 
the  sbg  into  a  powder  by  a  stamping  mill,  ex  by  laying  it 
in  highways  to  be  ground  by  the  carts,  or  by  some  other 
oontrivance,  and  then  he  may  separate  the  stony  part  of 
the  sbg  fix>m  the  metallic,  by  washing  the  whole  in  wa- 
ter, inasmuch  as  the  metallic  part  is  &r  heavier  than  the 
odler. 

I  estimated  the  weights  of  several  pieces  of  slag,  and 
found  them  to  diflb-  very  much  fix)m  each  other ;  this 
diilkience  is  principally  to  be  attributed  to  the  di&rcnt 
quantities  of  lead  left  in  them. 

Weight  of  a  cubic  foot  of 

Avoir.  02. 

Slag  firom  a  cupola  furnace  where  no ^  yiA^ 

lime  was  used        -        -        •      3 

Black  slag  fixnn  a  hearth  furnace        •  3653 

Anodier  piece        ....  3612 

Black  slag  firom  another  hearth  fur-   7  ^'v-^l 

nace — struck  fire  with  steel     «      ^  oJ/» 

Black  glass  slag        ....  3371. 
[3  fPatson's  Chem.  Essays,  272—298. 

^  This  b  00  the  Stablian  or  phlogistic  th€oiy.  T%  C* . 
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Tlie  following  article  on  the  smelting  of  lead  from  Dr. 
Rees's  Cyclopaedia  contains  also  many  remarks  of  practi- 
cal  consequence. 

Reduction  of  the  OreSy  or  smelting  of  Lead. 

Two  processes  are  employed  for  the  smelting  of  lead, 
the  one  by  means  of  a  blast  furnace,  called  an  ore-hearth, 
and  the  other  by  means  of  a  reverl^eratory  furnace.  The 
latter  is  used  throughout  Derbyshire  and  North  Wales, 
and  is  undoubtedly  tlie  best,  where  coal  is  not  very  scarce. 
In  the  former  of  these  methods  the  ore  and  the  fuel  arc 
mixed  together,  and  exposed  to  the  blast.  The  heat  dis- 
sipates the  sulphuret,*  the  ore  being  the  common  sulphu- 
ret  of  lead  or  galena.  A  portion  of  the  lead  is  oxydated, 
which  facilitates  the  vitrification  of  the  earthy  parts  of  the 
ore,  and  of  the  fuel.  These  together  constitute  the  sls^ 
or  scoriae.  The  metallic  lead  falls  into  the  lower  part 
of  the  hearth,  and  is  defended  from  the  oxygen  of  die 
blast  by  the  scoriae,  which  is  fluid  upon  its  surface.  The 
liquid  lead  is  let  ofi'from  time  to  time,  always  retaining  a 
portion  for  the  scoriae  to  flout  upon.  When  tlie  whole  of 
the  lead  is  to  be  drawn  oft",  the  blast  must  be  stopped,  and 
some  lime  thrown  upon  the  liquid  scoriae,  wluch  renders 
it  concrete,  while  the  lead,  being  still  liquid,  can  be  nm 

oft: 

The  reverberatory  furnace  employed  for  smelting  lead 
is  made  on  die  same  plan  with  those  commonly  used  for 
puddling  iron,  differing  in  size,  and  a  few  other  particu- 
lars. The  fire  is  made  at  one  end,  and  the  flame  plays 
over  the  hearth,  entering  an  oblique  chimney  at  the  end, 
which  terminates  in  a  perpendicular  one,  of  considerable 
height.  The  length  of  the  hearth,  from  the  place  where 
the  fire  enters,  to  the  chimney,  is  1 1  feet ;  two  feet  of 
this  length  next  the  fire  constitutes  the  throat  of  the  fur- 
nace ;  the  width  of  the  same  is  four  feet,  and  its  depth 

f  Rattier  \te  s\jl\5\wi.---T.  C». 
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about  ax  inches ;  the  length  of  the  fire-place  is  four  feet, 
equal  to  the  widtli  of  the  throat,;  its  width  two  feet,  and 
depth  three  feet,  from  die  grate  up  to  the  throat  of  the  fur- 
nace. Tlie  rest  of  the  heartli  is  a  concave  surface  nine 
feet  long,  four  and  a  half  feet  wide  at  die  throat  of  the 
furnace,  seven  feet  four  inches  wide  at  the  distance  of  two 
feet  from  the  throat,  seven  feet  two  inches  in  the  middle 
of  the  hearth,  five  feet  eleven  inches  at  two  feet  distance 
from  the  chimney,  and  two  feet  ten  where  the  flame  enters 
the  chimney  at  two  apertures,  each  ten  inches  square. 
These  apertures  terminate  in  the  oblique  part  of  the  chim- 
ney, the  section  of  which  is  16  inches  square,  which  com- 
municates widi  the  main  chimney,  die  section  of  which  is 
twenty  inches  square,  supposing  a  straight  horizontal  line, 
dra^vn  from  the  lower  plane  of  die  throat  of  the  chimney 
to  the  opposite  side  of  the  furnace ;  the  lowest  part  of  the 
o6ncave  heardi,  which  is  in  the  middle  of  this  cavit}%  is 
nineteen  inches  below  this  line,  the  roof  of  die  furnace  be- 
ing seventeen  inches  above  the  same  line  :  the  rest  of  the 
hearth  is  conformably  concave. 

On  each  side  of  the  furnace  are  three  openings,  each 
about  ten  inches  square,  provided  with  iron  doors,  to  be 
removed  as  occasion  may  require.  They  are  arranged  at 
equal  distances  from  each  other,  between  the  commence- 
ment of  the  hollow  hearth  and  the  entrance  into  the  chini- 
nej'.  The  lower  part  of  these  apertures  is  on  a  level  with 
the  horizontal  line  above  alluded  to,  being  for  the  purpose 
of  stirring  and  raking  die  ore,  &c.  Besides  die  larger 
openings  there  are  two  small  apertures,  one  below  the 
l^ge  middle  opening,  and  nearly  on  a  level  with  tlie  bot- 
torn  of  the  furnace ;  the  other  under  that  next  to  die  chim- 
ney, at  some  distance  above  the  first  aperture.  The  first 
is  a  tap-hole  for  the  lead,  and  the  second  for  die  scoria:. 
Tlie  ore  is  introduced  by  a  vessel  in  the  sliape  of  a  hoppcT, 
placed  in  the  roof  of  the  furnace. 


aOO  head. 

Previous  to  the  ore  being  smeltpd,  it  requires  to  be  K> 
parated  as  much  as  possible  from  the  earthy  matter  in 
which  it  is  imbedded.  Although  galena,  which  b  the  ofe 
used  for  smelting,  is  most  frequently  accompanied  ^ 
sulphat  of  barytes,  fluats  and  carbtmat  of  lime,  it  is  found 
to  exist  in  crystallized  distinct  masses,  and  can  be  !«cpa> 
rated  from  it  by  mechanical  means  to  a  tcJerable  extent. 
The  whole  of  the  ore,  with  die  earthy  matter,  is  pounded 
to  a  certain  degree  with  hammers ;  this  is  chiefly  perform- 
ed by  women.  In  some  places,  however,  it  is  broken 
down  l>y  passing  it  through  iron  rollers  pressed  together 
by  great  weights.  After  the  ore  has  been  thus  reduced, 
the  earthy  matter  is  separated  by  washing.  The  powda 
to  be  washed  is  introduced  into  a  sieve  or  riddle,  and 
placed  in  a  large  tub  full  of  water.  By  a  certain  motion 
gi\'en  to  theriddle,*the  lighter  or  earthy  parts  are  throira 
over  the  edge  of  the  same,  while  tlie  galena,  by  its  greater 
specific  gravity,  is  retained.  This  process  rcquiresgreal 
dexterity,  which  can  be  acquired  by  experience  only. 
Tlicre  are,  however,  some  impurities  which  cannot  f 
separated  by  this  mechanical  process,  and  are  f 
smelted  with  the  ore.  These  are  bi'ind*  or  bhck-jac. 
called  by  die  smelter  mock  ore,  pyrites,  or  sulphuret  of 
iron,  named  brazil  by  the  workmen.  When  the  otc 
abounds  much  with  these  substances,  the  process  of 
smelting  is  more  dilHcutt,  and  requires  an  extra  assistance 
of  flux  to  reduce  it. 

In  die  state  above  described,  tlie  ore  is  introduced  at  the 
hopper  in  the  middle  of  the  roof  of  the  furnace,  and  spread 
upon  the  concave  hearth,  to  expose  it  as  much  to  the  flame 
as  possible,  in  order  to  facilitate  the  escape  of  the  sulphur. 
This  should  be  performed  by  a  long  continued  heal  whid) 
is  not  violent,  in  order  that  the  sulphuret  itself  may  not 
be  volatilized,  an  effect  v\'hich,  more  or  less,  always  takes 
place.  The  moment  the  sulphur  has  left  die  lead,  it  b 
-  nicndc.     SuV\MvtVot  ivwv-T-  C. 
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rins  to  combine  with  oxygen.    The  oxyd  of  lead,  thus 
brmedi  combines  with  the  earthy  matter,  which  it  ren- 
krs  so  fusible  as  to  become  liquid  upon  the  sulphur  of 
he  melted  lead,  and  defends  it  from  the  future  action  of 
he  oxj'gcn.     At  this  stage  of  the  process  the  fire  is  raised 
D  separate  as  quickly  as  possible  the  melted  lead  fix)m  the 
iquid  scoriae.     The  latter  is  now  let  off  at  the  upper  tap- 
tole,  leaving  a  small  portion  still  upon  the  lead  to  pre- 
erve  it  firom  the  Mr.    The  fire  at  this  period  is  lowaed, 
nd  a  quantity  of  coal-slack  tlxrown  in  upon  the  melted 
lass.     This  serves  as  well  to  facilitate  the  cooling,  and 
>  cause  the  reduction  of  some  oxyd  of  lead,  which  also 
sids  to  stiffen  the  melted  scoris.     This  last  effect,  how« 
ver,  is  not  produced  sufficiently,  till  a  quantity  of  pow* 
ered  lime  is  thrown  into  the  furnace.    By  this  treatment 
K  remaining  scorias  becomes  concrete,  and  is  then  bro* 
en  to  pieces  and  pushed  to  the  opposite  side  by  means  qf 
rake,  and  taken  out  of  the  furnace  at  the  different  open* 
ngs  on  the  same  side.      The  liquid  lead  is  now  let  ou^ 
t  its  proper  aperture,  into  a  large  iron  pan,  or  cistern^ 
roni  whence  it  is  laded  into  moulds  to  cast  into  pigs* 
The  funmce  is  now  ready  to  be  charged  again.    WI^ 
he  ore  abounds  with  much  impurity,  the  oxyd  of  kad  is 
ot  sufficient  to  give  the  proper  degree  of  liquidity  to  the 
coriae.    In  this  case  a  certain  quantity  of  fluat  of  lime  is 
dded,  wluch  h^  the  property  of  forming  a  very  fusible 
ompound  with  sulphat  of  bar}*tes,  an  ingredient  very 
ommon  in  the  ore. 

Thb  flux  has  been  used  from  time  immcnoorial  for  the 
ime  purpose,  and  has  no  doubt  derived  its  name  from  its 
roperties  as  a  flux. 

The  concrete  scorias,  which  is  taken  out  of  the  fumaoe, 
&fi)und  to  contain  some  lead,  independent  of  that  in  the 
tate  erf*  oxyd,  and  chemically  combined.  This  is  genew 
dly  k)dged  in  the  cavities  of  the  spongy  mass..    Tbtae 
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masses  are  taken  to  a  kind  ofblast  furnace,  called  a  slag- 
hearth.  By  this  second  fusion  of  tiie  scoriae,  the  lead 
drops  through  tlie  liquid  niass  into  the  lower  part  d"tlic- 
hearth,  where  it  is  not  acted  upon  by  the  blast,  and  from 
thence  is  let  off  and  cast  into  pigs.  This  lead  is  saki  to 
be  of  an  inferior  quality.  Some  ores  of  lead  contain  al- 
vcr.  The  great  affinity  of  lead  for  diat  metal  is  such,  d 
the  \yhole  of  it  is  found  in  the  lead,  from  whence  it  is  d 
tenvards  separated.  [^Brewster's  C{^clopa(&a.  \ 

On  the  Smelting  of  Lead. 
Dear  Sir — Moat  of  the  lead  of  commerce  is  obta 
■  ed  from  that  species  of  ore  which  is  by  mineral<^ists  c 
ed  galena,  patterns  ore,  or  sulphuret  of  lead.     Ind< 
.is  the  only  ^ciesof  lead  ore  which  is  found  in  sufficid 
quantities  to  be  worth  working. 

There  arc  many  otlier  species  of  lead  ore  met  widi  ( 
casionally  ;  but  these,  occurring  but  seldom,  are  r 
ed  as  curiosities,and  are  generally  carefully  selected  fofi 
cabinet  of  the  mineralogist,  or  as  ornaments  for  Ac  n 
tlcpiece  of  the  inincr. 

The  ore,  as  it  is  first  rwscd  from  the  mine,  is  misi 
with  a  cenwderable  proportion  of  the  matrix  or  ganguc  of  1 
the  vein,  from  M'hich  it  must  be  in  great  measure  fceei  J 
before  it  is  fit  for  the  operation  of  smelting. 

For  this  purpose,  the  ore  is  delivered  to  the  dresti 
who  either  break  it  into  small  pieces  with  land-ti 
of  a  peculiar  construction,  wliich  are  called  backers,  ■ 
is  passed  between  rollers  worked  by  machinery,  ct  l 
der  stampers.  It  then  undergoes  the  oi>eratioii  of » 
ing,  to  separate  it  from  the  lighter  fweign  matter,  a 
which  it  is  ready  for  the  smelter. 

Construction  of  the  Ore  Hearth. 
The  smelting  of  lead  is  performed  differently  in  difiaotf  j 
dlstriclb.    In  most  parts  of  the  North,  particularly  i 
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land,  Durham,  and  Northuinberlandf  sioelGhg  b 
ed  in  the  ore  hearth  by  means  ci  bdlows.  Iii 
Its  ci  Yorkshire,  in  Derbyahire,  and  in  Ncl^ 
lead  is  smelted  in  reverberating  fiimaoes:  fius 
smelting  is.  di$tinguished  from  the  odxir  br  ^ 
cupola  smelting :  each  c^  these  methods  bed  bH 
s. 

uperiority  of  either  dqpends  much  oh  locd  eir* 
ces,  aiid,  perhaps,  also  on  Ifie  skill  of  Ifie  wcitk^ 

eard)  smelting  shall  be  first  descnbcd«-^To  riAm 
description  intel%ible,  it  will  be  neeesaaiy  to 
ce  with  a  description  of  the  heardiw 

i,  of  the  plate,  is  a  sketch  of  the  hearth :  it  iscoa- 
principally  of  pieces  of  cast  iron,  which  aire  caDef 
'  Bpon  stones  or  metal  atones ;  each  dBffiirent  citsb* 
t  distinguislungname :  th^  ^xt  ibe  (a)  paii,  (^)' 
')  pipe-stone,  (d)  spark-stone,  (e)  bearers,  {/) 
)  ftv^-stone,  and  die  (h)  work-stone» 
leardi  is  erected  under  a  spadous  chimney,  and 
the  centre ;  one  side  of  it  is  called  die  watdr-sade^ 
ar  the  water- whcd,  which  urges  d)e  bellows ;'  dc^ 
is  called  the  land-side. 

2  and  3  are  plans  and  sections  of  the  ore-beardif 
e  letters  in  die  different  figures  are  placed  to  the 
Its. — (0  the  floor  of  the  smdting-house,  (k)  the 
he  chimney,  (/)  the  firont  of  the  chimnqr>  {m)ibc 
3Q on  which  the  hearth  is  constructed :  itis  built 
masonry,  and  levelled  and  run  in  at  die  top  widi 
larorgrout;  the  pan  or  bottom  of  the  faewth  is 
}ily  in  mortar  on  this  bed :  npoa  the  posterksr 
le  pan  is  phcedthe  back,  its  fiice  bebg  even  with 
*  edge  of  the  pan. 

rork-stone  is  next  arranged ;  its  upper  edge  tiiite 
nchcs  from  the  anterior  part  of  the  pan,  and  pa« 
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ralld  with  the  bftck ;  the  beara^  are  placed  on  the  udes  of 
the  pan,  one  end  6f  eagh  butting  against  the  back,  the 
other  ends  resting  on  the  upper  edge  of  the  work-stone. 
Two  thin  pieces  of  stone,  (about  half  an  inch  thick,)  ge- 
nerally slaty  sandstone,  are  laid  on  the  back,  and  on  these 
is  placed  the  pipe-stone,  the  inner  face  of  wluch  overhangs 
the  back  near  an  inch.  The  keys  are  set  on  the  bearers, 
their  &ces  even  with  them ;  two  pieces  of  brick  are  set 
iTnedge  on  the  bearers,  next  to  the  keys,  and  on  these,a 
few  inches  from  tlie  keys,  rests  the  fore-stone ;  the  spari^o 
fitone  laid  on  the  pipe-stone  completes  the  hearth. 

Before  laying  the  foundation,  a  large  fiat  stone  (n)  call** 
cd  the  cheek-stone  is  fixed  firmly  in  the  ground,  and  de- 
termines the  extent  of  the  land-side  of  the  hesirth;  Ae 
spaces  between  the  water-side,  the  back  of  the  chimney, 
sind  the  cheek-stone  are  filled  up  with  pieces  of  sand- 
stone,  bricks,  or  old  iron-stones,  and  the  interstices  levd« 
led  up  with  dust.  The  fore-stone  is  wedged  tight  by  its 
ends,  generally  agsdnst  two  old  keys. 

The  space  between  the  pan  and  the  work-stone  is  filled 
with  a  mixture  of  bone  and  fern  ashes  well  beaten  in,  and 
,tix>se  between  the  keys  and  the  ends  of  the  fore-stooe  with 
stUTclay. 

Care  is  taken  in  constructing  the  hearth  to  lay  the  bear* 
ers  square,  or  at  right  angles  with  the  back,  and  also  to 
direct  the  blast  immediately  through  the  centre. 

The  hearth  being  completed,  the  operation  of  smelting 
commences  with  kindling  the  fire.  The  whole  space  be- 
tween  the  fore.>stone  and  back  is  filled  with  peats  or  chop- 
wood  :  an  ignited  peat  or  live  coal  bebg  placed  in  the 
midst,  the  bellows  are  set  to  work  :  as  soon  as  the  com- 
bustion is  sufficiently  advanced,  or  tliat  the  whole  arc  wdl 
on  fire,  one  of  tlie  smekers  (there  are  two  to  each  hearth) 
throws  a  few  shovels  of  half-smelted  ore,  (the  remains  of 
;iic  last  operation  of  smelting,)  wliich  is  termed  brouse, 
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on  the  top  of  the  fire,  gradually  adding  more  as  the  con- 
tents of  the  hearth  settle ;  he  also  adds  a  few  small  coals 
occasionally  to  keep  up  the  combustion ;  when  the  whole 
of  the  brouse  is  thrown  on  the  hearth,  the  other  smelter 
watches-out;  that  is,  with  a  long  pointed  crow-bar,  called 
a  gavd  or  gable-hook,  he  stirs  up  the  whole  of  the  brouse, 
and  brings  forward  a  great  part  of  it  upon  the  work-stone : 
dus  is  e&cted  by  introducing  the  gable-hook  into  the 
lieardi  six  difibnent  times,  in  the  following  order :  he  first 
ibcces  it  under  the  brouse  a  few  inches  on  one  side  the 
centre,  until  the  point  touches  the  back ;  he  then  fcxt^es  as 
low  down  as  he  can  the  end  he  holds  in  his  hand ;  this, 
lightens  up  tfie  contents  of  the  heai:th,  and  as  the  bar  is 
withdrawn,  a  part  of  the  hot  brouse  comes  forward  cm  the 
work-st(Hie;  the  gable-hook  is  then  entered  below  the 
brouse,  about  the  same  distance  icoxn  the  centre,  on  the 
other  side,  where  the  same  operation  is  performed :  it  is 
next  introduced  close  to  the  side  of  the  hearth ;  here  the 
workman  forces  the  end  of  the  gable-hook  fit)m  him,  dt 
die  same  time  he  presses  it  down,  so  as  to  bring  the  point 
of  the  bar  into  the  middle  of  the  hearth ;  this  brings  part 
of  the  brouse,  which  was  next  the  side,  into  the  middle, 
and  what  was  in  fix>nt,  out  on  the  work-stone.  The  gable- 
hook  is  agsun  introduced  in  the  same  place,  and  the  point 
caised  close  to  the  side,  to  remove  any  brouse  that  may 
adbere  to  the  bearer  or  key.  The  same  operation  is  per- 
fixmed  at  the  other  side,  to  remove,  the  brouse  from  thoice 
also.  Whilst  the  watcher  b  performing  his  part,  the  man 
who  supplied  the  hearth,  and  who  is  called  the  setter-on, 
dmists  his  shovel  down  into  the  hearth,  a  little  below  the 
entrance  of  the  blast,  and  forces  the  brouse  sufiiciently  foe- 
ward  to  allow  him  to  place  a  peat  or  a  handful  of  chop- 
wood  horizontally  before  the  orifice  of  the  bellows :  this 
he  generally  gets  done  nearly  as  soon  as  the  other  has 
finiriied  watching,  who  changes  hb  gabk-hook  f<»r  a  sho- 
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vd ;  the  setter-on  comes  to  the  front  with  his  shovel,  and 
they  tc^ther  throw  the  whole  of  the  Ixouse  again  into  die 
hearth,  over  the  fore-stone,  with  a  smaA  quantity  of  csori 
as  they  see  necessary,  carefully  separating  the  slags,  iidiidh 
diey  throw  into  a  com^,  and  breaking  down  the  higcr 
masses  of  brouse :  when  the  whole  is  in  the  hearth,  (he 
setter^on  goes  again  to  the  side,  levels  the  ti^  of  the  brouse, 
zsA  covers  it  with  fresh  ore,  laying  this  thickest  s^gaiost 
the  spark-stone :  the  working  of  the  hearth,  after  watch- 
ing, is  called  setting-up.    When  a  hearth  is  well  set-upj-^^: 
and  works  jx-operly,  vidthout  an  excess  of  coals  or  biatf^ ; 
and  pretty  free  from  slags,  small  reddish  white  fiames  fa* 
sue  from  all  psftts  of  the  breast,  from  below  the  fere-stone, 
nearly  to  the  edge  of  the  work-stone :  these  flames  should 
not  issue  more  than  a  few  inches  from  the  bfeast    Tit 
hearth  does  not  ccxitinue  long  in  this  state ;  as  the  pflit 
bums  away,  the  blast  is  less  equally  distributed ;  it  faces 
itself  through  more  in  some  parts  than  in  others ;  the  oo* 
vering  at  the  top  b  perforated,  (h*,  periiaps,  perfectly  ig- 
nited, and  the  whole  mass  is  condensed  and  settled  mcofi- 
sequence  of  the  evaporation  of  one  part  of  the  ore,  and  te 
separation  of  the  metal ;  copious  blueish  fiames  issue  ficm 
two  or  three  parts  of  the  hearth,  as  if  occaaoned  hy  the 
combustion  of  some  metal.    The  brouse  must  be  ags&i 
watched-out,  a  new  peat  put  in,  and  more  ore  thrown  en 
the  top.    The  operations  d[  watctuiig  and  setting-iip  ic- 
quire  to  be  repeated  about  every  three  nunutes^.    After  a 
few  times  setting-up,  the  metallic  lead  begins  to  flow 
down  the  channel  of  the  work-stone,  into  a  pot,  wfaeit  it 
is  kept  hot  until  collected  in  sufiicient  quantity  to  cast  i 

pig- 
It  is  necessary,  for  the  easy  management  of  the  hearAi, 

that  a  considerable  quantity  of  fluid  lead  should  reman  ki 

the  bottom  for  the  brouse  to  float  on.    The  watcher,  ate 

throwing  up  the  brouse,  allows  the  lead  to  flow  firedf 
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gutter  fiDT'a  short  time,  and  then  prevents  any 
iping,  by  lightly  raising  up  the  brouse  against  the 
^  the  comer  of  his  shovd* 
len  will  smelt  about  six  bings  of  good  ore  a  day, 
these  produce  24  pigs  of  lead,  wdghmg  1541bs. 

tvisable  to  draw  the  hearth  at  the  end  of  every 
urs,  in  cnder  that  it  may  cool ;  for  a  coed  hearth 
ftsanter,  and  makes  better  produce  than  one  whii)i 
suffered  to  heat.  The  heardi  should  be  drawn 
)  watchings  after  thrown^  on  the  last  of  the  six 
ore.  As  soon  as  the  hearth  is  watched-out  thp 
»  the  action  of  the  bellows  is  stopped,  and  tibe 
firaw  out  the  whole  of  the  hot  brouse  with  their 
tnd  throw  it  on  the  floor  to  cod,  picking  out  such 
hey  may  observe ;  they  also  remove  whatever 
3  the  sides  or  back. 

learth  has  been  properly  attended,  and  a  due  pro- 
r  fuel  used,  it  will  scarcely  appear  hott^  in  one 
another  \  and,  if  it  has  been  working  with  a  fiee 
Id  not  appear  hotter  than  a  very  dull  obscure  red 

1  free  ore,  the  hearth,  when  fresh  set-up^  works 
\  described,  the  blast  finding  its  way  equally 
in  parts  of  the  breast.  Tlie  brouse,  when  watch- 
y  diy ,  and  mostly  in  small  pieces,  the  slags  finny 
[y  distinguished  by  dieir  cavernous  appearance 
liter  colour,  and  the  lead  Aqws  from  the  hearth 
red  hot  Lead  ore,  whiph  contains  much  ^ver 
r,  CMT  which  has  not  been  properly  cleared  from 
ue  with  which  it  is  mixed  in  the  vein,  requires 
r  attention  on  the  part  of  the  smelter :  instead  of 
4ry  and  open^  it  J^eooiiifisi  ai^a»d  pas^;  the 
H^  of  separs^ting  in  firi^.p^9ai|,  la  d^i^sed 
t|ir  whglpjy^E:^  «hatf-m«lted  s^nih  aB4  i»  VlM^ 
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inattentita  to  the  fire  will  set  the  whole  contents  of  the 
hearth  into  a  solid  mass,  or  cause  it  to  boil  and  flow  down 
in  a  liquid  ^te  on  the  work-stone — ^the  lead  flo¥^  voj 
hot,  aikl  the  hearth  appears  hot  and  fouL  The  additioo 
of  lime  is  necessary  to  correct  thb  defect  in  the  ore,  wUch 
combining  with  the  fluid  scorise,  solidifies,  and  thus  as* 
sists  its  collecting  in  masses :  care  should  be  taken  not 
to  add  more  lime  than  is  absolutely  necessary  for  the  piir- 
pese  intended,  as  all  extraneous  matter  thrown  in  widi  the 
OK,  lessens  the  produce  of  lead« 

The  substances  which  are  found  to  render  the  ores 
lead  refiractory,  when  mixed  with  them,  m-e  cawk,  ( 
phate  ofbarytes^)  blackjack,  {blende  or  stdphuret  qfzm^ 
sulphur,  (iron  pyrites^)  and  silver,  or  copper,  when  dxy 
are  contained  in  the  ore  in  larger  propordbns  than  usoaL 

I  have  always  considered  that  these  substances  renddr 
an  ore  reflectory  by  the  extra  quantity  of  sulphur  they 
bring  with  them.  I  do  not  think  the  earth  or  metals  akw 
would  produce  any  visible  effect  in  the  smelting ;  and  I 
am  almoist  confirmed  in  this  opinion,  by  repeatedly  ob^ 
serving  the  effect  produced  by  roasting  the  ore  previous 
smelting ;  it  works  more  pleasantly,  requires  less  lime  and 
fuel,  and  gives  a  better  produce. 

The  quality  of  the  coals  materially  afl^ts  the  wofking 
of  the  hearth  and  the  produce  of  lead ;  those  which  ae 
free  firom  sulphur,  and  which  leave  but  litde  residuuin 
after  combustion,  are  the  best  fitted  for  smelting. 

The  lead  which  is  separated  directly  bora  the  ore;  is 
called  ore  lead,  or  common  lead,  to  distinguish  it  bm 
diat  which  is  the  result  of  a  subsequent  process. 

Slag^hearth  Smebmg. 

Theslagsor  scoriae  separated  in  the  process  of  or^ 
heardi  smdting,  consist  of  the  infusible  part  of  the  ore^  dx 
adies  of  the  coab,  po^ts,  Sec.  semi- vitrified  and  agghrti' 
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sd  by  a  quantity  of  oxyd  of  lead  produced  by  the 
on  of  the  blast ;  they  contain  also  particles  of  metallic 
I  dispersed  through  their  substance,  and  not  unfre- ' 
ntly  unreduced  ore. 

rheae  scoria,  which  are  technically  named  gray  slags, 
f  considerably  in  the  quantity  of  lead  they  contain,  but 
poQcest  hold  a  sufficient  quantity  to  pay  the  expense 
unelting. 

Is  it  is  necessary  to  bring  these  slags  to  a  perfisct  fu« 
1  to  separate  the  lead,  a  furnace  capable  of  producing 
are  intense  heat  than  the  ore-hearth  is  requisite.  The 
be  contains  plans,  sections,  &c.  dT  the  slag  heardi,  in 
ich  die  same  letters  are  applied  to  the  same  parts  in  the 
bent  figures.  Fig.  1  is  a  perspective  view  of  the 
rth;  Fig.2aplan;  and  Fig.  3  a  perpendicular  section; 
a  cast-iron  plate,  which  forms  the  bottom  of  the 
rth :  an  old  work-stone  is  generally  used  for  this 
Epose ;  what  it  wants  in  dimensions  is  supplied  by 
or  old  castings,  refuse  of  the  ore-hearth :  the  bottom  b 
I  in  fine  dust  which  lias  been  damped  a  little,  and  well 
imed ;  on  the  bottom  is  placed  the  back  {b)  which  is 
med  of  three  or  four  old  bearers  laid  on  each  other ; 
die  centre  of  the  back  is  placed  the  tuj^re,  (»r  as  it  is 
lerally  called  tlie  tue-iron.  The  pipe-stone  (r)  is  bed* 
1  in  tempered  clay  on  the  back  ;  it  b  a  block  of  free* 
ne  about  15  or  18  inclies  square,  and  30  long,  hollow- 
out  on  the  underside  to  fit  the  tuyre.  Two  old  bear* 
.  {dd)  about  18  inches  apart,  and  placed  at  right  angles 
th  the  back,  agauist  which  their  ends  butt,  form  the 
1^  part  of  the  sides ;  on  these,  two  bjk^cks  oi  fir^e* 
me  {e  e),  ^^out  15  by  18,  and  iakngth  ecjual  to  ^ic 
ight  of  the  pipe-stone,  are  placed  on  end ;  the  front  is 
lik  entirely  with  old  castings,  the  lower  one  restbg  on 
e  ends  of  the  side  bearers. 

k^OL.  ni.  D  d 
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Tlie  spaces  between  tlie  back  of  tlie  chimiie}%  the  »de 
and  the  cheek  stone,  are  filled  with  dd  castings^  bricks,  or 
pieces  of  stone,  and  the  joints  filled  up  with'dust  or  ashoi 
ttie  space  left  between  tlie  bottom  of  the  hearth  and  dc 
tower  fitmt  bearer  is  called  the  breast ; — ffj  is  the  sian^ 
or  pot  to  ciMitain  die  lead,  as  it  flows  finom  the  hearfif 
the  space  between  the  breast  and  tlie  sump  is  paved  iriA 
old  castings  imbedded  in  dust,  and  the  joints  filled  vA 
thin  mortar  grout ;  near  die  sump  is  a  mould  for  castiog 
the  lead  into  pigs. 

The  hearth  is  prepared  for  working,  by  slightly 
ming  into  the  bottom  a  quantity  of  coal  ashes ;  the 
is  also  filled,  and  die  space  between  it  and  the  breast ;  fb^ 
dottedpart /^{''^jf^fig.  3,rq)resents  the  coal  ashes:  dx  ftt  | 
is  next  lighted,  and  when  the  interior  of  die  hearth  has  «> 
quired  a  good  red  heat,  the  smelter  throws  on  a  fewsho- 
vds  full  of  gray  slags  (which  have  been  previously  bnikti 
to  the  size  of  an  e^),  and  as  die  hearth  setdes,  occaaw 
ally  adds  fuel  or  more  slags  as  may  be  required :  in  tfew  < 
nunutes  after  charging  with  the  slags  a  small  perfontks, 
is  made  in  the  breast  by  passing  a  pointed  iron  roM 
through  the  ashes  close  to  the  bearer ;   the  liquid  scGriSi^ 
and  lead  flow  through  this  opening  down  the  inclined 
plane  fcHmed  by  the  ashes ;  as  they  become  hot  the 
filters  througli  them,  and  finds  its  way  into  die  sunq) 
the  scorias  irom,  its  viscidity  remaining  on  the  surboe^! 
from  whence  it  is  removed  occasionally  as  it  cools  and  b^ 
comes  hard. 

The  slag  hearth  is  continued  working  for  12  crl^ 
hours,  the  smelter  adding  materials  occasionally  as  requir- 
ed, and  judging  of  the  proportion  of  fuel  by  the  heattf' 
appearance  of  the  fluid  scoria. 

At  the  conclusion  of  the  day's  work  the  hearth  is  safe 
ed  to  bum  down  as  low  as  possible ;  and  when  die  sccfi 
ceases  to  flow,  the  bellows  are  stopped,  the  scoria  on  d 
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bed  of  ashes  removed,  and  the  IcaS  which  has  collected  in 
Ac  sump  is  cast  into  pigs.  Cool  ashes  are  next  spread 
orcr  the  hot  bed,  and  the  hearth  drawn  and  cleaned  from . 
^what  remains  in  it,  and  when  moderately  cooled,  prepare 
<d  with  a  bottom  of  ashes  for  a  succeeding  day's  work. 
:  The  principal  art  in  working  a  slag  hearth  is  to  keep  a 
fnper  nozcy  and  to  have  the  hearth  light  and  open  in 
foit,  otherwise  the  blast  does  not  work  well  and  diffuse 
itsdf  equally  through  all  parts,  but  forces  itself  up  behind 
nd  \'ery  soon  destroys  the  pipe-stone. 
L  Thenoze  is  a  protuberance  which  surrounds  the  orifice, 
Inogh  which  the  blast  passes ;  it  is  formed  by  the  vit* 
lified  slags  trickling  down  the  pipe-stone,  and  cooled  by 
tk  Uast  as  it  enters  the  hearth.  Witli  very  fusible  slags  it 
is  sometimes  difficult  to  get  a  proper  noze  to  form,  and 
iridi  refractory  slags  to  keep  it  of  a  moderate  size.  With 
to  large  a  protuberance,  tlie  heardi  works  most  at  front ; 
widi  too  small,  cliiefly  at  the  back» 

In  general  a  noze  may  be  prevented  growing  too  large, 
bf  la3ring  the  fuel  principally  near  the  pipe-stone,  and  oc- 
coionally  forcing  in  a  pricker  through  the  tuyre. 

A  noze  may  be  enlarged  by  a  contrary  situation  of  the 
fiiel,and  throwing  in  close  to  the  pipe-stone  a  few  shovels 
|.tf  dust  and  asliesfrom  the  top  of  the  hearth. 
^  The  fuel  used  at  the  slag  hearth  is  coke. 

The  scoria,  the  refuse  of  the  operation  in  the  slag 
karth,  is  called  black  slag ;  it  contains  a  portion  of  me- 
lallic  lead  which  is  separated  by  stamping  and  wash- 

The  lead  obtdncd  by  die  slag  hearth  is  liard  and  sono- 
Rtts;  it  is  of  an  inferior  quality,  and  unfit  for  many  of  thr: 
purposes  to  which  common  lead  is  applied. 
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Cupola  Smelting. 

YcK  the  method  of  smelting  lead  by  the  clipola  ftimaot 
as  piincipally  practised  in  Derbyshire,  I  refer  to  Watson^ 
Chemical  Essays ;  a  more  correct  or  interesdi^  account, 
taimot  be  given,  (already  inserted).-— 3ft  PfnJ.  Mag.  S71i 

The  process  fir  refining  Leadj  as  practised  m  JEngkmtL 
In  a  letter /rom  Mr.  John  SaXer. 

WITH  TWO  EWGRAVTWCS** 

JifY  dear  Sir — Citizen  Duhamd,  in  his  Memoir  oo  ]] 
the  refining  of  Lead  in  the  large  way,  has  given  a  sketdi 
of  the  process  used  in  £ngland ;  if  you  think  the  follow* 
ing  mofe  detailed  description  wiD  be  acceptable  to  Ae 
readers  of  the  Philosophical  Journal,  it  is  at  your 
vice. 

The  object  of  refining  lead  b  not  merely  on  account 
of  the  silver  it  contains,  but  to  procure  it  as  free  as  pos- 
sible fix)m  the  other  metals  with  which  it  is  usually  al- 
loyed, and  to  procure  litharge.  The  silver  is  only  an 
^object,  so  far  as  it  helps  to  pay  the  expense  of  refill' 
ing. 

The  lead  produced  ^t  the  smelting  hearths  or  furnaces 
in  England  is  never  perfectly  pure ;  it  is  always  alloyed 
with  a  pcntion  of  silver,  and  most  commonly  with  one  or  i 
most  of  the  following  metals ;  namely,  zinc,  antimoQjt 
copper,  and  arsenic ;  which  render  it  unfit  for  some  of  the 
purposes  to  which  lead  is  appUed. 

The  operation  of  refining  is  founded  on  the  facilitjr 
with  which  lead  is  oxydated  when  exposed  to  heat  in 
contact  with  atmospheric  air,  and  the  peculiar  properties 
the  oxyds  of  lead  possess ;  being  easily  fused,  and  in  that 
state  oxydating  and  combining  with  most  of  the  metals ; 
gold,  silver,  and  platina  excepted. 

*"  These  will  be  given  in  tlie  next  number. 
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Tfar  kad  to  be  refined  is  exposed  to  tht  action  of  heat 
and  sir  upon  a  cupet  or  test,  composed  of  a  mixture  of 
bone  and  fera  ashes,  in  a  rc%'crberatory  furnace  ;  ihc  de- 
sc^ition  of  uhich,  ivith  the  ditlcrcDt  munipulations,  are 

The  rdiiiing  furnace  is  composed  of  good  soUd  mason- 
rfibound  together  with  iron  bolts.  It  difere  very  little 
iaila  canstructioo  from  tlie  common  reverberatory  fur- 
lace,  except  the  bottom,  which  Is  perforated  to  receive  the 
Kttorcupd. 

Fig.  l,plateI,of  the  refining  furnace  Isaperspective  view 
oTtiicfHmacewidi  its  ironwork ;  a  the  tcazinghole,A  apcr- 
lurcby  which  the  test  issupphed  widi  lead,  c  an  arch  or 
doiDcover  the  feedingholc,  communicating  with  the  furnace 
stack  by  a  flue,  d  area  or  space  where  the  test  is  taken  in 
Jnd  out  the  furnace,  ee  two  strong  iron  bars  to  support 
ibc  test  when  in  its  place,y*caht  iron  pot  set  in  masonry,  the 
ftie  pas^ig  into  the  stack  of  the  furnace,  g  the  stack,  p 
tbe  ash  pit,  q  an  iron  bar  to  slide  the  ladle  on  when  feeding 
•betcst. 

F^.  2,  a  perpendicular  section  of  the  furnace  showing 
i,  supported  i:i  its  place  under  the  opening  of  the 
of  the  furnace  by  the  two  wedges  rr  ;  k  aperture 
nozzle  of  the  bellows,  ^  lire  bar  resting  on  the 

.  3,  plan  of  the  interior  of  the  fiimace  ;    /  part  of 
jlows,  hh  flues  from  the  body  of  the  furnace  to  die 

Tbe  same  letten  in  the  difierent  plans  are  meant  to  de- 
I  *^»te  flie  same  parts,  in  the  next  plate. 

Plat  II,  fig.  1,  plan  of  the  iron  frame  into  which  the 
I  **^imtic  of  bone  and  fern  ashes  is  rammed  to  form  the  test. 
[  *Tms  frame  is  something  lai^cr  than  the  elliptical  hole  in 
\  *We  bottom  of  the  furnace. 
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Figs.  2  and  3,  phn  and  section  of  the  test ;  tn  tbt  pait 
which  contains  the  lead  to  be  refined,  n  breast  of  the 
test,  oo  small  gutters  or  channels  tlirough  which  the 
lithaige  Sows,  p  a  semi-elliptical  hole  fen*  the  litharge  \ 
toiall  through  from  the  gutters,  upon  die  area  of  there-  | 
finery. 

These  drawings  and  references  will  be  sufliuent  to 
make  the  desa^tion  of  the  furnace,  &c.  ckaxfy  uoder- 
stood.  .  , 

0/t/te  Test  or  Cupel. 
A  good  test  is  of  the  first  importance  in  refining;  tli& 
method  of  constructing  one  I  shall  endeavour  to  p 
Six  parts  of  well  burnt  bone  ashes  and  aas  part'.ij 
fern  aahes  are  to  ^  wdl  mixed,  sifted  through  a^ 
(the  spaces  in  which  are -about  one-eighth  of  t 
square,}  and  moistened  to  about  die  same  dej 
founders  use  tlieir  sand.    The  iron  frame  is  to  be  kiid  oo 
the  fioor  and  made  steady,  with  wedges  under  its  rim; 
about  two  inches  in  thickness  of  the  ashes  are  to  be  equal- 
ly spread  over  the  bottom,  and  with  an  iron  beater,  such 
as  used  by  the  foimders,  equally  rammed  betiveen  tbt 
cross  bars ;  the  frame  b  to  be  again  filled  and  rammed  all 
over,  be^nning«|the  orcum&rence  and  working  % 
wxysiu^finii^Kdiathe  centre,  the  filling  and  ram; 
to  be  repeated  until  die  frame  is  completely  fulls 
cavaUon  to  cont^n  the  lead  is  made  as  eKpress^'J| 
phlli  with  a  sliarpe  spade  about  five  inches  sqjjii 
C^ps  dressed  with  a  long  bladed  knife ;  a  semtal 
hole,  as  at^,  is  to  be  cut  through  the  breast.    Havingpn-..] 
ccedcd  so  far,  die  test  is  to  be  turned  on  its  side  and  dres-  ' 
sed  from  all  superfluous  ashes  adhering  to  the  bottom, 
taking  care  that  none  shall  be  left  flush  with  the  bottom  of 
tlic  frame  or  cross  bars,  otlierwise  in  fixing  the  test  to  its 
situation  at  the  bottom  of  die  furnace  it  wauld  be  liable  to 
be  bulg(.'d. 


-.'Hta. — t^aata/u^ruii-f:  > 
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quantiQr  of  lead  should  always  be  left  in  the  aUoy  to  make 
itfiue  ea^y  in  the  iron  pot. 

When  the  test  is  removed  fix>m  the  furnace  and  broken 
upi  die  litharge  will  be  found  to  have  penetrated  to  an  ii^ 
considerable  but  equal  depth  in  the  ashes ;  diat  part  not 
impr^nated  with  litharge  may  be  pulverised,  mixed  ifriA 
&esh  ashes,  and  again  used  for  another  test. 

Tibe  operation  of  taking  off  the  silver  pure,  differs  in  no 
req>ect  fix>m  the  foregoing,  only  more  care  b  observed  in 
die  working,  not  to  suffer  the  escape  of  any  metallic  pard- 
cles  with  the  lithai^,  as  that  would  occasion  ccmsidcn* 
bk  waste  of  silver.  As  the  process  advances,  and  the  pro- 
pordon  of  silver  to  lead  increases,  the  litharge  assumes  a 
darker  colour,  a  greater  heat  becomes  necessary,*  and  M 
last  the  brightening  takes  place ;  the  interior  of  die  fiir- 
nace,  which  during  the  whde  of  the  process  had  been  veqr 
obscure  and  nusty,  clears  up.  When  the  operator  ob- 
serves die  surface  of  the  silver  to  be  free  from  litharge,  Ik 
removes  the  blast  of  the  bellows,  and  suffers  the  fumaoeto 
cool  gradually ;  as  the  silver  cods  many  protuberances 
arise  on  the  surface,  and  fluid  silver  b  ejected  bom.  than 
with  considerable  force,  which  falling  again  cm  the  plate 
spots  it  veiy  fantastically  with  small  globules. 

The  latter  portions  of  litharge  bring  over  a  conadoi' 
bk  quantiQr  of  silver  with  them ;  thb  is  generally  reduced 
by  itself  and  again  refined. 

The  litharge  as  it  Ms  upon  the  flocx'  of  the  refinery  is 
occa^onally  removed ;  it  b  in  dots  at  first,  but  after  a 
short  time  as  it  coob  it  fidb  for  die  most  part  like  slacked 
lime,  and  appears  in  the  brilUant  scales  it  b  met  widiin 
commerce:  if  it  b  intended  as  an  article  for  sale,  nodiing 
more  bnecessary  than  to  sift  itfix>m  die  dots  which  have 
not  fallen  and  pack  it  in  barrels. 

If,  on  die  contrary,  it  b  intended  to  be  mami&ctuied 
into  pure  lead»  it  b  placed  in  a  reverberatory  fumaoe^ 
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mixed  with  clean  Small-coal,  and  exposed  to  a  heat  just 
sufficient  to  fuse  the  litharge.  The  metal  as  it  is  i^uced 
iiom  through  an  aperture  into  an  iron  pot,  and  is  cast  into 
pigs  for  sale.  During  the  reducing,  care  is  taken  to  keep 
Ae  whole  surface  of  the  litharge  in  the  furnace  covered 
with  snudl-coal. 

In  some  smelt  works,  instead  of  a  revcrberatory  fiir- 
ttoe  for  reducing,  a  blast  fumace  is  made  use  of,  on  ac- 
count of  the  greater  produce,  but  the  lead  so  reduced  is 
oerer  so  pure  as  that  made  in  the  wind  fumace.  The 
oxyds  of  the  metals,  which  require  a  greater  heat  to  reduce 
thui  the  fcad,  are  in  the  blast  fumace  generally  reduced 
vkhit. 

The  volatile  oxyds,  as  zinc,  antimony,  and  arsenic,  are 
nofidy  carried  off  by  evaporation  during  refining ;  a  con- 
adorable  portion  of  the  oxyd  of  lead  itself  is  carried 
off  by  evaporation,  making  the  interior  of  thie  fumace  so 
sdaQr  and  obscure,  that  a  person  unused  to  refining  can- 
OQtsee  more  than  a  few  inches  into  it. 

A  considerable  portion  of  tliese  oxyds  are  driven  by 
tk  blast  of  the  bellows  through  the  feeding  aperture,  and 
VQold  be  dissipated  in  the  refinmg*house,  to  the  great  m- 
jvy  of  the  woikmen's  healths;  to  prevent  their  ill  e&cts 
Ac  arch  at  dome  over  the  feeding  hole  13  erected  to  carry 
the  fume  into  the  stack  of  tlie  fumace. 

15  Mehobon,  1. 


PROPERTIES  of  the  metal  Lead.  Lead  obtained 
ftee  firom  any  other  metallic  mixture^  (as- by  pecipitating 
mtrat  or  acetat  of  lead  by  zinc)  is  when  recendy  melted 
^  a  bright  bluish- white  colour,  which  soon  tarnishes  on 
expoanre  to  air :  but  when  once  tarnished,  lasts  a  long 
tiine  exposed  to  the  weather,  for  it  does  not  decompose 
^Wer  as  iron  ^v4  coppor  do.  It  is  the  softest  of  the  com* 
Vol.  in.  E  e 


218  Lead. 

moa  metals*    Its  specific  gravity  b  11,35,  which  is  not 
encreased  by  hammering.    It  is  very  malleable,  but  not 
very  ductile.    A  wire  of  Th%  of  an  inch  diameter  sup- 
ports only  18,4  lbs.  its  point  of  fusion  is  612^,     It  eva- 
porates in  the  common  blast-heat  of  the  hearth  furnace. 
It  combines  i^th  oxygen  slowly,  by  means  of  heat    Tht 
oxyds  appear  to  me  to  be,  1st,  Tlie  greyish  black  dust 
that  first  appears  on  the  surface  of  the  melted  lead.    2dfy, 
Theydlow  mas^cot,  which  also  is  first  of  a  iirtj  ydknr 
and  th^n  of  a  greenish  yellow,  before  it  onnes  to  be  of 
a  fiill  yellow  colour ;  indicating,  as  I  conjecture,  various 
states  of  oxydadon.    This  yellow  oxyd  is  masdcot,  to 
which  red  lead  also  may  be  reduced,  by  driving  oflfapor- 
tion  of  its  oxygen ;  though  it  is  usually  made,  in  the  stage 
of  the  pxx:ess  that  precedes  the  red  lead.    Itisdieozid 
of  lead,  usually  supposed  to  be  combined  widi  acids^ 
firom  which  it  may  be  precipitated  by  pure  alkalies,  asa 
white  hydrated  oxyd,  firom  which  tl^  water  may  be  ez- 
pdkd  by  strong  heat.  This  white  hydrated  oxyd,  like  ma^- 
i^cot,  contains  about  7  per  cent  of  oxygen.  Dr.  Thon^soQ 
supposes  that  litharge  is  this  oxyd  of  lead,  mixed  w^a 
.litde  carbcmic  aeid  obtained  firom  the  carbonaceous  mat- 
.ter  burnt  in  the. refining  furnaces,  where  litharge  b  made: 
but  as  yet,  I  hold  all  this  to  be  probable  conjecture  only. 
We  do  not  yet  know  the  precise  state  of  oxygenated  kad 
that  coiis&utes  litharge.    3dly,  Red  lead,  which  contains 
firom  10  to  11  per  cent  of  oxygen.    4thly,  The  \xom, 
puce-cdoured  (flea-coloured)  oxyd,  containing  fixim  13 
to  14  per  cent  of  oxygen. 

The  puce-coloured  or  brown  oxyd,  is  only  made  bj 
the  experimental  chemist,  by  digesting  nitric  acid  onied 
lead.  Tho  preparations  of  commerce  among  tfie  oxyds^ 
are  white  lead,  massicot^  litharge,  red  lead. 
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JFhiie  Lead.  This  may  be  prepared  several  wajrs^ 
viz: 

1st,  By  corroding  dieet  lead  with  the  fumes  of  vinegar, 
evaporated  by  the  warmth  of  a  hot  bed  of  dung.  This 
is  the  conunon  process  in  this  country. 

2dly,  By  using  for  the  same  purpose,  tanner's  bark 
instead  of  dung,  as  the  hot-house  gardeners  of  Eurc^ 
now  do. 

Sdly,  By  exposing  the  vinegar  pots  to  the  same  degree 
of  heat  excited  by  burning  common  fuel.  This  would 
be  a  miyrh  cleaner  way  of  working ;  and  in  such  a  coal* 
country  as  Pittsburgh,  I  should  think  it  would  be  full  as 
cheap.  The  common  heat  of  a  stove-room,  as  used  in 
England  for  converting  cyder  into  vinegar,  would  answer 
ytxy  well  as  I  think ;  and  if  not  strong  enough  could  easi- 
ly beencreased. 

4thly,  By  precipitating  mtrat  or  acetat  of  lead  by  carbo- 
nated alkali.  TMs  makes  a  very  white  lead,  but  it  does 
not  absorb  so  much  oil,  or  retain  its  colour  so  well,  as 
wiute  lead  made  in  a  common  way. 

5thly,  By  decomposing  some  of  the  neutral  alkaline 
aaltSy  as  the  muriats  of  potash  and  soda.  I  do  notknow 
vfaether  the  sulphats  of  potash  and  soda  and  the  nitrats  of 
die  same  alkalies  have  been  used.  Or  whether,  the  mu- 
liatSy  sulphats,  or  nitrats  of  lime  and  magnesia  would  an- 
awer  the  purpose.  The  principle  is  the  same,  but  diere  l> 
fill!  room  for  very  important  and  valuable  experiments ; 
which  probably  will  be  the  subject  of  a  dozen  patent  rights; 
fior  in  this  country,  if  a  man  can  contrive  to  eat  his  green 
peas  with  a  four-pronged  fcx'k  instead  of  a  broad-pointed 
knifi^  he  appliesfor  a  patent  to  secure  the  invention.  For 
this  mode  of  making  white  lead.  Lord  Dundonald  has  al- 
ready obtmneda  patent  I  greatly  doubt  whether  he  was 
entitled  to  it :  for  the  iMX)cess  is  very  nearly  that  of  Tur* 
ner's  mineral  yellow. 
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I  prooeed  then,  to  give  an  account  of  the  common  nie- 
thod  of  making  white  lead.     Premising 

1st.  That  it  is  necessary  to  set  up  the  manufacture 
where  good  water  is  to  be  had  in  plenty  :  water  ccxitain- 
ing  hydrogenous,  sulphureous  or  carbonaceous  gas  or 
salts,  would  spoil  the  colour. 

2dly,  It  is  desirable  that  fuel  should  be  cheap,  though 
this  is  not  necessary :  and  that  horse  dung  or  baik 
should  be  of  easy  purchase. 

3dly,  There  must  be  room  and  space  for  the  manu&c- 
ture.  The  person  undertaking  it  in  the  common  way, 
wiU  need,  at  least,  the  following  buildings  : 

A  brewhouse  for  brewing  vinegar  from  damaged 
grain* 

A  rocnn  for  casting  the  lead  into  sheets  ;  and  fior  roll- 
ing it  into  spirals. 

A  smelting  room,  for  recasting  the  refuse  lead  into  blue 
lead  agaub.    These  two  rooms  may  be  in  one. 

Thecastingroom,  the  roliing-up  room,  and  the  <mp^^>«g 
roooHfihould  be  contiguous,  and  may  open  into  each 
odier.  The  smelting  room  must  be  furnished  with  a  ire 
place  and  chimney,  and  have  a  strong  cast  iron  pan  set  in 
a  brickwork  furnace,  to  melt  the  lead.  The  rottmg*!^ 
room  should  have  a  bench  under  the  windows  from  one 
end  to  the  odier.  All  the  rooms  but  the  smelting  room 
may  be  warmed  by  stoves. 

A  room  for  corroding  the  lead  with  vinegar.  It  should 
be  of  a  good  height,  and  the  ground  plan  will  depend  on 
the  quantity  of  business  to  be  done.  The  stacks,  or  beds, 
may  amount  to  six  in  height,  more  or  less  according  to 
the  size  of  the.  pots. 

A  room  for  hokling  the  troughs,  and  grooved  cylin- 
ders,  where  the  white  lead  is  scraped  from  die  blue  lead. 
In  this  room,  a  pump  ^ould  empty  the  contents  of  the 
first  trough  into  others,  after  the  water  is  wdl  aeitated; 
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so  that  the  finer  part  of  the  \(dutelead  may  gradually  sub- 
adc 

A  room  that  will  hold  one  or  two  pair  of  good  mill- 
stones,  Mrith  the  necessary  machinery,  to  grind  the  white 
lead  first  in  water :  with  the  shoots,  tubs,  Su:.  and  uten- 
sils requi^te  for  this  purpose. 

A  drying  room,  that  requires  to  be  moderately  heat- 
ed. 

A  room  to  hold  wUting,  with  which  white  lead  is  al- 
irays  plentifully  adulterated.  When  added  in  the  propor^ 
Soa  of  10  or  even  12  per  cent,  the  lead  is  not  much  the 
worse  as  a  paint :  but  when  mixed,  as  it  usually  is,  to 
the  amount  of  fix)m  20  to  25  per  cent,  it  causes  the  paint 
to  adhere  but  slightly,  and  to  peel  off  fix)m  the  wood» 

A  room  to  hold  millstones  wherewith  the  white  lead 
should  be  ground  up  with  whiting  and  oil^  to  sell  as  paint 
ready  for  use.  Much  of  the  profit  of  an  establishment 
may  be  made  to  belong  to  this  department  of  the  manu- 
hctary.  These  two  mill-rooms  mig|it  be  worked  with 
Ifae  same  machinery ;  and  the  drying  rooiQ,  and  whiting 
nom  should  be  contiguous. 

There  should  also  be  a  room  separate  to  prepare  and 
cootain  a  stock  drying  linseed  oil,  to  grind  up  with  the 
lead  intended  to  be  sold  as  paint. 

For  this  purpose,  a  stock  of  litharge,  and  sugar  of  lead 
will  be  wanted,  wUch  may  be  best  kept  in  the  whiting 
locun* 

A^i^m.  I    Tbeseai^rtmentsshouldbecon. 
A  counting  house.*'  ^    ^* 

A  cooperage  and  carpenter's  room. 
A  lumber  room. 

Space  for  cart-ways,  gang-ways,  stabUng,  cart  house^ 
8cc. 
There  will  also  be  needed,  in  die  commm  way^  two 
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sets  of  cast-ircm  rollers,  ooe  fluted  lengtfaway,  and  anodier 
crossway. 

It  is  true,  a  manu&ctory  may  be  carried  on  widi  fewer 
ai^artments,  but  very  few  of  those  I  have  mentioned  can 
be  dispensed  with,  in  a  manufactory  on  a  tolerable  scale. 
It  should  not  be  commenced  undo:  ten  or  twelve  thou- 
sand dollars.  Although  w^te  lead  is  a  cash  article,  yet  / 
it  must  be  remembered  that  blue  lead  is  a  cash  artick 
also,  and  the  stock  on  hand  will  be  of  considerable  value 
in  a  small  compass. 

Such  an  establishment  ought  to  have  a  red  lead  manu- 
factory  ccxmected  with  it :  and  by  and  by,  the  manu&o 
turers  here  will  find  their  interest  in  connecting  with  it,  a 
manufactory  of  sugar  of  lead,  and  of  pyroligneous  acid. 

Tlie  buildings  will  require  at  least  12,000  square  feet 
on  tlie  ground  plan.  The  power  may  be  water  power, 
horsepower,  or  a  steam  engine. 

Of  Casting  the  Lead. — A  man  stands  with  a  barrow, 
at  the  left  hand  of  the  smelter  who  also  casts  the  lead  into 
plates.  He  has  two  long  ladles,  one  to  lade  out  the  mdt- 
cd  lead,  the  other  with  a  flat  bottom,  thkfy  inches  loog 
and  six  inches  broad.  Holdiog  in  his  left  hand  the  fltf 
ladle,  he  pours  on  it  from  the  other  ladle  in  his  right  hand, 
(resting  it  at  first  on  the  edge  of  the  pot  that  hiMs  die 
lead)  a  quantity  of  melted  lead,  moving  the  right  hand 
ladle  down  to  the  point  of  the  left  hand  ladle,  and  gnubi* 
ally  discharging  its  contents.  Great  part  of  the  lead,  runs 
oflf  and  falls  on  a  tabl^  ready  to  receive  it,  but  a  part  re- 
mains m  the  left  hand  ladle,  covering  the  bottom  thereof 
with  a  sheet  of  the  above  dimensions  and  about  the  ei§^ 
of  an  inch  thick.  The  smelter,  turns  this  oflf  into  tlie 
barrow,  which  when  full,  is  wheeled  away  to  the  rolliDg 
^room,  and  discharged  upon  the  roller's  bench,  who  turns 
it  into  a  spiral  of  about  three  spid  a  half  inches  diameter. 
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The  top  and  bottom  of  the  spiral  roll,  are  kept  as  even  as 
possible^  that  the  cover  may  cover  them  closely  afid  aocu- 
ntely.  Sometimes  sheets  of  lead  are  used  flattened  me* 
chanically  (milled)  between  two  rollers:  sometimes,  a 
caster  having  melted  lead  poured  into  a  case  of  the  size  of 
the  proposed  sheets,  draws  it  into  sheets  by  running  a 
diding  piece  of  wood  quickly  along  the  edges  of  the 
fisme  oc  mould,  and  pushing  the  melted  lead  before  it, 
thus  forms  it  into  a  sheet. 

The  lead  is  then  ready  to  be  carried  into  the  corroding 
room* 

Tlus  room,  is  furnished  with  earthen  pots  which  should 
be  of  stone- ware.  They  should  be  wide  enough  at  top 
to  hold  a  spiral  roll  of  lead,  which  must  rest  on  a  ledge 
within  ^de  the  pot  about  one-third  or  half  of  the  way 
doiwn :  the  pots  may  conveniendy  hold  from  one  to  three 
quarts  of  good  vinegar,  according  to  the  size  of  the  spiral 
which  fills  the  top.  The  smelter  or  caster,  making  his 
sheets  according  to  the  size  of  the  pots  which  the  manu- 
fiicturer  thinks  it  convenient  to  use.  The  vinegar  just 
iCKhes  the  under  side  of  the  ledge  on  which  the  spiral 
itdl  stands.  The  pots  are  placed  on  a  layer  of  about 
three  or  four  inches  of  horse  dung,  not  quite  close  to  each 
#dier  all  round  the  room,  leaving  a  gang  way  in  the  mid- 
dle. The  lowest  tier  are  then  imbedded  up  to  their  necks 
in  finish  horse  dung,  or  tanner's  bark.  A  piece  of  lead  is 
then  placed  on  the  top  of  each  spiral  roll,  and  b  then  co- 
vered with  a  broad  board.  On  this  board  another  layer 
of  dui^  with  its  pots,  vinegar  and  spirals  of  lead  is  placed 
and  buried  up  in  dung  or  bark :  and  so  on,  as  high  as 
will  admit  of  convenient  management.  The  top  tier, 
should  be  well  bedded  in  dung  and  covered,  because,  it 
answers  best  to  be  examined  from  time  to  time  to  shew 
when  the  vinegar  is  ^  evaporated,  which  usually  takes 
phce  m  about  two  month}.    This  top  tier  should  be  \\t\l 
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bedded  in  dung,  that  it  may  be  a  fair  specimra  of  the  ge- 
neral progress  of  the  pots  throughout  the  under  tier^ 
which  cannot  be  got  at  so  easily.  The  stacks  are  takeo 
down  when  the  vinegar  is  evaporated,  and  the  lead  is  car- 
ricd  into 

The  mill  room.  Here,  the  hardest,  whitest,  and  most 
sonorous  pieces  of  lead,  are  picked  off  and  selected  ftr 
the  pigment  usually  as  flake  white ;  which  is  generd^ 
pure  wUte  lead  unadulterated :  and  which  may  tbocfae 
serve  as  a  comparison  to  ascertain  the  quanti^  of  adulte- 
ration in  common  white  lead. 

The  corroded  plates  are  then  run  through  the  grooved 
rollers,  and  scraped.  Thb  is  a  very  unwholesome  part  of 
the  process.  The  men  concerned  in  it,  become  panlytk 
in  three  or  fbm*  years.  An  improvement  has  been  mde 
by  a  Mr.  Archer  Ward,  in  this  part  of  the  manufacture 
which,  although  Dr.  Coxe  has  cc^ied  it  in  the  seoond 
volume  of  his  series  of  the  Emporium,  and  Mr.  Cutbmh 
also  has  copied  it  in  his  useful  work  entitled  die  Ameri- 
can Artists  Manual,  yet,  as  I  do  not  wbh  to  send  my 
readers  hunting  afler  processes  to  be  found  in  other  books, 
I  chuse  to  copy  it  also  in  this.  My  plan  being  to  aoco- 
mulate  all  the  useful  information  I  can  upon  each  subjee^ 
in  one  connected  view :  I  am  therefore  not  deterred  br 
now  and  then  a  little  repetition,  or  the  insertion  of  pifxis 
which  other  works  have  stolen,  before  it  came  to  my  turn 
to  pilk^  the  rich  store-houses  of  European  informatxiL 
Mr.  Archer  Ward's  account  of  his  improvement  is  c 
follows. 

Description  of  a  method  of  preventing  injury  to  the  heM 
qf  the-  ivorkmen  employed  in  preparing  ffhite  Lui 
By  Mr.  Archer  fTardy  inhisawnrvords* 

IN  order  to  expkun,  as  wdl  as  I  can,  the  advajriig^ 
that  vnSl  accrue  to  the  workmen  by  adopting  my  tliTai' 
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tion,^n  preference  to  the  common  mode  of  preparing 
white  lead,  I  will  first  state  what  th(2  common  mode  is* 
When  blue  lead  is  in  part  corroded  in  the  stacks,  by  an 
add  raised  by  a  considerable  degree  of  heat,  brought  on 
by  horse-litter,  the  corroded  and  uncorroded  lead  are  tak- 
en from  the  stacks  to  a  room,  called  the  engine^loft,  where 
a  pair  of  iron  rollers  is  fixed  with  a  screen  under  them. 
Tbt  lead  in  this  state  is  passed  through  the  rollers  and 
soem ;  firom  the  motion  of  these  rollers  and  screen,  by 
idiich  the  white  lead  is  separated  firom  the  uncorroded  or 
bhielead,  together  with  the  moving  the  lead,  in  CMrder  to 
its  being  passed  through  them,  a  very  considerable  quan- 
tity of  fine  dusty  white  lead  is  raised,  which  almost  covers 
Ae  workmen  thus  employed,  and  is  very  pernicious  to 
Aem.  And  not  only  in  this  part  of  the  process  are  they 
liable  to  be  thus  injured,  but  they  are  again  exposed  to 
(be  dus^  lead,  by  removing  the  blue  lead  firom  the  screen- 
bouse  to  the  furnace,  as  there  still  remains  a  quantity  of 
tiie  fine  particles  of  white  lead,  which  of  course  rises  in  re- 
moving it ;  and  also,  in  removing  the  white  lead  from 
under  the  screen  to  the  grinding-tub,  a  quantity  of  the 
dust  arises,  which  is  very  detrimental  to  the  people  so 
cm[doyed. 

My  invention  removes  all  these  difficulties  respecting 
the  dry  dusty  white  lead,  so  very  injurious  to  the  health 
of  the  working  people ;  and  consists  of  a  vessel,  as  shewn 
in  the  plate,*  fig.  1 ,  twelve  feet  long,  six  feet  mde,  and 
three  feet  ten  inches  deep.  In  this  vessel  is  fixed  a  pair  of 
brass  rollers  in  a  frame,  one  roller  above  the  other.  The 
centre  of  the  rollers  is  about  ten  inches  below  the  top  of 
the  vessel ;  and,  one  inch  lower,  is  a  covering  of  oak 
'coords -or  riddles,  an  inch  thick,  fixed  in  the  inside  of  the 

*  Sec  i]\€  next  number. 
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vessel,  in  a  groove,  w  as  to  be  taken  out  occasionally; 
these  boards  are  bored,  with  a  ceiitre>bit,  as  lull  of  hpks 
i)s  may  be,  without  danger  of  breaking  into  cad);  qQnUfa 
Hk  size  of  these  holes  is,  in  the  machine  at  large,  aboid^ 
five-  eighths  of  an  inch  in  diameter.     Tlus  ix3n^-(immd 
the  vessel  is  filled  with  water,  about  three  inches  H^^ 
the  oak  boards  or  riddles ;  the  lower  brass  roller  is  am 
under  water,  and  about  half  oS  the  upper  n^kr;  _^ 

water  also.  Thus  the  lead  coming  from  the  stacks,  ii 
put  through  the  brass  rollers  in  water,  and,  by 
lead  with  a  copper  rake,  over  the  oak  boards  n* 
the  white  lead  passes  through  the  riddles,  and  the  Ui 
lead  remdns  above ;  ivhich,  bcbg  taken  o^t,  is 
upon  an  inclined  plane  of  strong  laths  to  drain,  where  iL 
remains  about  IS  hours,  when  the  blue  lead  is  readytt 
the  furnace  to  be  re-melted ;  by  this  means  no  dus^  wlule 
lead  can  rise  in  any  part  to  Uic  work-people.  No  such 
plan  as  this  (though  long  dc^red)  lias,  to  my  knOTvlcdge, 
been  put  in  execution,  so  as  to  answer  all  the  purposes 
above  stated.  It  may  be  asked,  why  the  lead  in  the  ccm- 
mon  mode,  is  not  made  w^  before  it  is  passed  thnngb 
the  rollers  and  screen.  Should  this  be  done,  tilt  kad 
would  be  a  paste  on  the  rollers  and  screen,  and  tfafrj 
lead  prevented  separating  from  die  blue  lead,  nHo^F 
solutely  nece^ary  in  the  preparation  of  wliite  Icad^  ' 

Reference  to  the  Figure, 

Fig.  1,  A,  an  inclined  plane  of  wood,  on  wti^ 
wlute  and  blue  lead  is  pLiced  immediately  fixxh 
and  thus  ioUoduced  between  the  brass  rollers  BB.i 

CC,  the  vessel  containii^  water. 

DDD,  the  pierced  oak  boards  or  riddles,  which^i 
iilg  made  to  slide  in  grooves  in  the  sides  of  the  vcm 
may  occa^onally  be  taken  out  by  removing  the 
barfff. 
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E,  a  han^e  kx  wincl\,  which,  in  die  machine  at  li^rge, 
niay  be  a  wheel  communicating  to  mill- work,  and  thus 
mm  the  rollers  BB. 

F,  a  pinion,  fixed  on  the  gudgeon  of  the  upper  roller, 
fid  communicating  with  a  similar  pinion  on  tlie  arbor  of 
16  lower  roller,  kcepinj;  both  of  them  in  motion  by  the 
im  of  the  handle.  As  it  is  necessary  that  tlie  upper  rol- 
T  should  be  at  liberty  to  rise  or  fall,  in  order  to  give  a 
ue  degree  of  pressure  to  the  lead  in  passing  between  the 
)ners,  two  weights  GG,  with  proper  stems  to  them,  are 
laced  over  the  gudgeons  of  the  upper  roller,  thereby 
eeping  a  due  degree  of  pressure ;  and,  if  any  piece  of 
le  lead  should  be  thicker  than  usual,  admitting  the  roll- 
rto  pve  way  to  it,  and  thereby  preventing  any  injury  to 
le  machinery. 

H,  a  notch  in  one  side  of  the  wooden  vessel,  serving  to 
^ulate  the  deptii  of  the  ivater  on  the  riddles  DDD. 

The  for^;oing  description  is  accompanied  by  two  CfX- 
ficates ;  one  from  Mr.  Samuel  Walker  Parker,  stating 
lat  manv  tons  of  white  lead  have  been  made,  in  the  man- 
cr  above  described,  at  the  manufactory  at  Islington,  be- 
n^ng  to  Walker,  Ward,  and  Co.  and  that,  since  Mr. 
Vjvd's  plan  was  adopted,  no  other  method  has  been  used, 
lie  other  certificate  is  from  Mr.  H.  Browne,  of  Irongate, 
krby  ;  who  says,  that  he  thinks  the  foregoing  invention 
very  valuable  improvement  in  preparing  white  lead,  and 
lat  the  quality  of  die  lead  is  not  in  the  least  injured  by  it. 

Mr.  Wetherill,  of  Philadelphia,  obtained  a  patent  for  a 
omewhat  sinular  contrivance." 

Tlie  white  lead,  thus  being  scraped  and  rolled  off  from. 
le  blue  lead,  the  latter  is  sent  back  to  the  smelting  room, 
id  the  white  lead  agitated  in  water,  then  pumped  up  in» 
»  other  troughs  to  drain :  the  refuse  of  che  first  troughs 

also  conveyed  to  the  smelting  room. 
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When  the  white  lead  washed  and  drained,  is  of  a  postjr 
consistence,  it  is  well  ground  between  two  mill-stoDCS, 
and  fix)m  the  troughs  that  receive  it,  is  carried  to  the  diy- 
ing  room  to  dry  upon  porous  pans.  When  whiting  is 
mixed  with  it  (which  is  always  the  case)  the  whiting  ought 
to  be  well  washed  in  troughs  to  carry  off  the  dirty  part : 
then  it  ought  to  subside,  and  the  water  drained  away. 
Then  it  should  be  washed  again  for  the  coarser  and  saodjr 
parts  (^the  whiting  to  subside,  and  the  finer  parts  of  dK 
whiting  only  should  be  taken,  and  a  second  time  (afia 
being  mixed  widi  the  white  lead  as  well  as  pos^ble  in  the 
troughs)  passed  with  the  lead  in  a  state  of  mixtbre  throi^ 
the  mill-stones.    Then  dried  together  in  the  stove  rooiDr 

From  die  stove  room,  tlie  lead  is  conveyed  to  the  stoe 
room,  and  thence  to  the  packing  room. 

Such  is  the  common  method  of  making  white  lead ;  t 
process  sufficiendy  complex,  troublesome,  and  unsciend- 
fie.  The  substitution  of  tanner's  bark  for  dung,  is  an 
improvement  in  respect  to  cleanliness,  but  I  do  not  knot 
that  it  is  superior  in  any  other  way. 

The  substitution  of  a  stove,  whose  flues  might  be  coo« 
yejred  among  the  pots,  or  the  heat  of  the  room  kept  up  to 
the  necessary  degree,  regulated  by  two  or  three  thermomc- 
tersy  would  in  my  opinion  be  a  considerable  improve- 
ment. 

But  when  I  went  through  the  vinegar  manufactories  of 
England,  I  was  struck  with  the  obvious  application  of  die» 
processes  there  used,  to  the  manufactories  of  wfnie  lead 
and  6[verdi grease :  and  I  propose  it  without  hesitation  to 
the  manufacturers  here,  as  a  combination  of  processes  that 
cannot  but  prove  economical  and  lucrative.  I  do  notex- 
pect  however  that  it  will  be  put  m  practice,  till  on  leadii^ 
tWs,  some  speculator  in  patent  rights,  will  take  out  a  pa- 
tent for  it,  and  swear  in  the  usual  way  that  lie  is  the  true 
and  original  inventor.     I  havie  already  detailed  a  process 


LeoiL  229 

ofbleaching  by  means  of  red  lead,  so  easy,  so  :y)eedy,  so 
pQCticaUe,  and  so  economical,  that  no  one  who  has  tried 
it,  would  hesitate  for  a  moment  to  prefer  it  to  the  bleach- 
ing fay  manganese,  even  if  the  latter  substance  could  be 
obCained  for  nothing.     I  have  had  bleached  imder  my 
•vn  inspection  by  this  process,  more  goods  in  a  week^ 
dam  any  manufacturer  of  cotton  goods  of  whatever  spe- 
cies uf  this  country,  manufactures  in  a  year.     Yet  bleach- 
ing by  manganese,  imported  at  an  extravagant  rate  from 
Great  Britain  still  continues  in  use,  even  among  the  best 
infiMrmed  manufacturers  of  cotton  articles  in  this  country. 
However  as  the  process  is  my  own,  I  now  give  notice  that 
I  will  take  out  a  patent  for  it ;  and  then  perhaps,  it  will  be 
diought  of  some  value,  when  some  value  is  paid  for  the 
liberty  of  using  it.    Having  turned  my  attention  early,  to 
matoiay  and  physiology,  and  to  medicine  also,  as  well  as 
chenustiy,  I  have  for  many  years  practised  among  my 
fiiends,  among  the  poor,  and  wherever  my  neighbours  of 
the  medical  profession  thought  fit  to  consult  me  upon  any 
case,  curious  or  difficult.     But  as  I  have  never  direcdy  or 
indirectly  accepted  any  thing  in  the  form  of  a  fee  for  my 
trouble,  I  am  fiequendy  obliged  out  of  sheer  good  ^vill  to 
my  patients,  to  advise  a  physician  to  be  called  in  because 
ay  prescriptions  really  do  no  good  for  want  of  iaith  in 
Aeir  efficacy,  until  the  patient  has  to  pay  for  them.  Some 
physician  of  eminence  in  England,  I  forget  who,  is  said, 
always  wlien  he  took  mecUcine  for  his  own  indisposition, 
first  of  all  to  take  a  guinea  out  of  his  right  hand  pocket 
and  put  it  into  his  left  hand,  as  a  sum  to  be  religiously 
spent  in  some  act  of  charity  ;  othenvise  he  would  have 
doubted  the  efficacy  of  his  own  advice.     Indeed  it  is  true 
umversally,  that  the  world  never  feels  grateful  to  those 
who  benefit  them  gratis :  they  only  are  respected,  who 
aetdng  a  proper  value  on  their  services  exact  the  highest 
price  for  them.    People  take  for  granted  Srom  an  intimate 
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knowledge  of  tlidr  own  dispositions,  that  you  would  ne- 
ver  give,  except  what  was  of  little  worth.  If  you  set  no 
value  on  your  own  property,  what  obligation  is  there  qd 
the  public,  to  consider  it  as  valuable  ?  I  forgot  to  men- 
tion that  in  my  patent  for  bleaching,  I  mean  to  inclode 
the  manufacture  of  white  lead,  as  connected  with  it  I 
know  of  no  means  so  proper  to  make  tlie  process  of  vdue 
to  the  public,  and  introduce  tlie  use  of  it. 

But  to  my  immediate  purpose.  The  process  of  makx^ 
wliite  wine  vinegar  in  England  is  as  foUo^vs. 

In  an  oblong  room  heated  by  stoves  to  the  d^;iee  of 
about  80  of  Fahrenlicit,  place  upon  tressels  a  series  of 
quarter  casks,  high  enough  from  the  floor  for  a  pail  or  tub 
to  stand  conveniently  under  the  casks,  from  wliich  Ac 
liquor  is  drawn.  The  top  of  the  quarter  casks  is  pienri 
full  of  auge^  holes.  The  casks  are  filled  with  cyder.  Oa 
the  top  of  the  casks,  is  placed  a  tub  full  of  Malaga  raisins^ 
the  bottom  of  the  tub  being  likewise  pierced  with  aogcr 
holes.  A  man  is  employed  from  morning  to  night,  in 
going  round  this  series  of  quarter  casks,  and  drawing  finoBi 
the  bottom  of  each,  a  pail  or  bucket  full  of  cyder,  whidi 
he  poifrs  on  the  top  of  the  Malaga  raisins.  The  <^dcr 
percolating  through  the  body  of  the  Malaga  raisins,  ac- 
quires a  saccharine  mucilage,  together  with  a  vinous  fla- 
vour ;  and  by  degrees  is  converted  into  vinegar.  The 
raisins  may  be  employed  with  a  little  addition  to  give  fla- 
vour to  two  casks  of  vinegar.  When  the  cyder  is  tbiA 
converted  into  vinegar,  it  is  drawn  o£P,  and  the  casks  be^ 
ing  replenished  witli  cyder,  the  same  routine  is  again  pur- 
iued.  The  vinegar  is  fined  with  white  of  egg,  racked  ofi^ 
and  is  then  ready  for  sale. 

During  the  percolation  of  tlie  vinegar  tlirough  the  Ma- 
laga raisins,  so  much  acetous  acid  evaporates  and  is  wast- 
ed, that  if  plates  of  sheet  lead  or  copper  were  hung  up*  in 
the  room,  a  manufacture  of  white  lead  or  of  verd^;reB8e^ 
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d  be  establislied  to  a  considerable  extent  and  at  no 
nee.  When  I  suggested  this  to  a  vinegar  manulac- 
:  in  Gloucestersliirey  whose  works  I  examined,  be 
lised  to  give  it  immediate  trial ;  but  I  left  the  country 
rat  an  opportunity  of  knowing  whether  he  did  so  or 

have  already  mentioned,  that  the  process  of  making 
3nat  of  lead,  by  precipitating  the  nitric  or  acedc  salts 
id,  by  carbonat  of  potash,  although  the  article  be  very 
s,  is  too  dear  for  a  manufacture  in  the  large  way. 
carbonat  of  lead  tlius  made,  on  an  average  of  the  ex- 
nents  of  Bergman,  Berthollett,  Klaprodi,  and  Che- 
K,  consists  of  84,13  lead,  and  15,87  acid.  But  the 
onat  of  lead  can  be  made  by  treating  the  sulphat  and 
iat  of  lead,  which,  form  the  refuse  in  my  mode  of 
:lui^,  witli  carbonat  of  potash ;  a  process  which  be> 
I  to,  and  is  part  of  the  process,  I  claim  to  myself; 
which,  until  I  procure  a  patent  for  it,  any  one  b  wel* 
etc  use. 

come  now  to  the  neatest,  most  scientific,  and  most 
tomical  method  of  making  white  lead,  founded  upon 
i  Dundonald's  patent  of  decomposing  the  muriat  of 
sh,  by  litharge  or  any  oxyd  of  lead.  To  make  this 
xrtly  intelligible,  I  must  go  back  to  the  history  of 
ner^s  mineral  ye/low  ;  the  common,  heavy,  hard,  fus-. 
patent  yellow  of  the  colour  shops,  and  in  common  use 
I  the  coach-makers  and  chair-makers.  Turner  took 
A  patent  for  nuiking  this  colour  about  eight  and  twen- 
ears  ago,  which  being  contested,  was  set  aside,  owing 
le  gross  ignorance  on  the  subject,  of  the  Court  of 
g's  bench  and  the  bar. 

i'umer,  by  a  miU-stone  rolling  vertically  in  a  circular 
gfa,  triturated  for  12  hours  together  in  the  form  of  a 
Cy  two  parts  by  weiglit  of  common  salt,  and  one  part 
thai^    He  wpuld  have  done  better  by  three  parts  of 
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common  salt  as  I  think.  B]r  degrees,  and  by  remaimng 
tc^^ether  for  twelve  hours  more,  the  common  salt  became 
decomposed ;  a  muriat  of  lead  was  formed,  and  pure 
soda,  the  basis  of  the  common  salt.  The  pure  soda  was 
droned  first  and  the  remainder  washed  away,  and  boiled 
down  to  chr}'stallize,  in  a  room  where  charcoal  was  bunit 
in  bcaziers,  to  supply  carbonic  acid  gas.  The  pure  sods 
would  not  decompose  the  muriat  of  lead,  there  being  ooljr 
one  divellent  affinity,  viz.  that  of  soda. 

The  lead  thus  freed  by  washing  from  the  soda,  was  put 
into  crucibles  and  fused  in  a  strong  heat.  It  then  became 
a  yellow  chrystallizcd  mass,  the  patent  yellow  of  the  shQi& 
The  soda  when  chrystallizcd,  was  disposed  of  as  caibo- 
nat  of  soda. 

Now,  if  the  soda,  instead  of  being  washed  away,  had 
been  left  quiedy  to  gain  from  the  atmosphere  or  dse^ntec 
its  carbonic  acid,  being  still  in  contact  with  the  wbite, 
mofet,  muriat  of  lead,  there  would  have  been  ttvo  £vcl- 
lent  affinities,  and  a  double  decomposition  would  have 
taken  place :  die  carbonic  acid  would  unite  with  the  kd» 
while  the  muriatic  acid  would  agsun  imite  mth  the  soda, 
reproducing  the  origuial  quantity  of  common  salt,  wbich 
might  be  washed  away,  re-chrystallized,  and  used  i^aua 
for  the  same  purpose.  The  carb(mated  lead  thus  pro- 
duced would  be  white  lead. 

Lord  Dundonald  discovered,  that  although  common 
bait  and  various  other  alkaline  neutrals  would  answer  the 
purpose,  the  decomposition  went  on  best  with  muriat  of 
potash,  instead  of  muriat  of  soda.  And  in  this  way  isdr 
greatest  proportion  of  English  white  lead  now  made. 

In  England,  the  making  of  white  lead,  is  comiectod 
with  the  manu&ctoxy  of  soap ;  almost  all  the  alkali  noir 
used  for  soap  being  procured  fit>m  the  decompo^ioo  of 
neutral  alkaline  salts  by  means  of  oxyds  of  lead.  For  bf 
thus  procuring  them,  the  expen4e  (^  rendering  tbeky 
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austic  by  means  of  quicklime  is  superceded,  and  the 
rouble  and  expence  greatly  economized. 

1  prognosticate,  that  whoever  will  commence  in  this 
xwntr}',  the  manufacture  of  white  lead  connected  with 
be  manufacture  of  cydtT-whitc-wine  vinegar — or  the 
luiufacturc  of  white  lead  by  the  decomposition  of  alka- 
He  neulral  s^lts,  connected  with  the  making  of  hard 
Kip^-wiil,  if  there  be  sufficient  capital,  skill  and  indus- 
e,  make  a  profitable  concenu 
We  have  no  business  in  this  country  when  peace  comes^ 

import  lead  from  England.  The  Louisiana  country 
amply  sufficient  to  supply  all  our  wants :  and  ere  long, 
I  adantic  states  will  be  supplied  from  thence  not  merely 
th  blue  lead,  but  with  red  lead,  massicot,  litharge, 
lite  lead,  and  shot ;  for  all  which,  the  materials  and  con- 
luencics  of  situation  are  abundant  in  that  country. 

To  the  Editor  of  the  Monthly  Magazine^  Mat/y  1B09. 

Sir — I  am  informed  that,  in  consequence  of  an  alter- 
oa  (lately  made)  in  the  process  of  drying  fThite  Leady 
e  health  of  the  labourers,  in  an  extensive  manu&ctory 
the  neighbourhood  of  London,  has  been  very  materi- 
y  benefitted — tlie  fatal  constipation  of  the  bcnvels^  so 
mmon  amongst  them,  having  mucli  decreased,  which 
attributed  in  a  great  measure,  if  not  entirely,  to  this  al- 
radoii.  The  different  mode  of  drying  the  lead  adopted 
(if  I  understand  the  mutter  right),  that  instead  of  laying 
(Micliuik,  it  is  now  poured  into  earthen-war(L»  pans,  and 
t  to  dr\'  in  them  ;  the  lead  does  not  undergo  nearly  so 
uch  handling  as  before,  and  the  fine  particles  of  it, 
bich  used  to  float  in  great  abundance  about  the  room, 
e  not  i^erceivcd  in  such  dense  clouds  as  they  used  to 
.' ;  tliis  dust  entering  the  mouth  was  one  principal  cause 
the  diseases  to  which  il^-  workmen  were  liable.  By 
cans  of  your  miscellany,  1  wish  to  give  publicitv  to  tJic 
TOL.  III.  '       G  g 
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above  circumstance ;  and  should  any  of  your  readers  be 
able  and  willing  to  give  me  any  further  particulars  le^ 
spectin;^  this  manufacture,  which  may  be  conducive  to 
the  health  of  those  employed  in  it,  they  will  much  oUigc 

A  CONSTANT    READER. 

Mr.  John  Brierley^s  f"Gremfieldy  Flintshire  J  Patent  fa 
a  new  mode  of  setting  Bhie  Lead  for  corroding  the 
same  into  fFhite  Lead. 

THIS  method,  by  means  of  a  bed  of  dung  or  bnk, 
into  which  are  inserted  pots  filled  with  acid;  overthese 
are  placed  boards  having  holes  bored  in  them  to  admitthc 
vapourof  the  acid  round  die  rolls  of  lead.  Ontheaeano* 
ther  bed  of  dung  or  bark  b  placed,  and  the  process  ie« 
peated  before,  forms  a  second  bed ;  these  beds  may  be 
repeated  to  any  practicable  extent,  and  are  denomimried 
a  stack.  There  b  a  chimney  or  flue  running  through  ill 
the  beds,  for  the  purpose  of  distributing  the  vapour  of 
the  acid  equally  through  them  all,  fcx*  which  purpose  that 
part  of  the  flue,  which  extends  from  tlie  one  bed  of  dung 
OP  bark  to  the  other,  b  left  with  small  interstices  betvmn 
the  bricks,  so  as  to  communicate  any  superfluous  vqioucs 
above  or  below,  or  carry  off  to  the  other  bed  any  vapour 
which  may  be  to  spare  in  that  bed. 

The  observations  of  the  patentee  refo  1.  To  the  num- 
ber of  pots,  and  the  difference  as  to  the  expense  of  diem. 
2.  To  the  health  of  the  manufacturers.  3.  To  expenses 
of  the  annual  breakage. 

With  respect  to  the  Ist.  According  to  the  abovepbn 
a  bed  may  be  set  with  280  pots  of  equal  dkct  withabedi 
which,  according  to  the  old  mode,  would  require  5fi0 
pots,  makmg  a  difierence  of  one  half.  The  pots  used  in 
the  plan  cost  2d.  each ;  those  in  the  old  method  5d.  eacb 
So  that  280  pots  at  2d.  each  will  cost  21. 6s.  8d.  and  5flO 
pots  at  5d.  will  cost  IIL  13s.  Ad.  leaving  a  diffiraice  in 
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of  the  plan  of  91.  Gs.  8d.  for  each  bed.     Now  if  a 
Steele  consists  of  seven  beds,  and  the  manufacturer  raises 
nine  stacks,  the  gross  amount  of  the  s<iving,  in  tlie  first 
instance,  will  be  5881.     According  to  this  plan  the  manu- 
lecturer  caii  set  tliree  tons  of  lead  in  a  bead,  h  hen  in  the 
old  way  he  can  only  set  about  1  ton  12  cwt.;  and  the  cor- 
'toston  is  more  certain,  from  the  fumes  of  the  acid  having 
firee  access  to  all  the  lead,  which  is  placed  upon  the  boards, 
liostcad  of  the  rolls  being  confined  separately  in  the  pots 
jlloog  with  tlie  acid ;  that  the  pots,  which  arc  placed  un- 
idcr  the  joints  of  the  stack-boards,  will  be  filled  with  liquor 
lor  acid  neutralized  b}-  being  mixed  with  the  ooze  in  the  ^ 
Ibark,  and  the  fumes  arising  therefrom  being  condensed,  \ 
ihc  pots  become  fiil'^d,  and  the  necessary  corrosion  b  there-  ; 
More  prevented.    From  this  mode  of  setting  lead,  the  ma-  ' 
infacttma*  will  obtain  a  third  more  of  white  lead  than  ac-  ' 
Iccrding  to  the  old  way. 
I     2dly.  The  plan  clearly  demonstrates,  that  the  rolls  of 
'lead  being  placed  upon  boards  are  easily  taken  ofi*  when 
^corroded.  When  the  stack  boards  are  removed,  the  rolli<t 
I'fihould  be  well  sprinkled  with  a  watering  can,  which  wiH  j 
prevent  the  dust  fi'om  rising  and  annoying  the  labourers.  I 
I.Now,  according  to  th?  old  way,  if  the  lead  is  well  conro.  A 
dcd,  the  expansion  becomes  so  great  as  to  fill  the  pots  I 
tig^  and  close,  and  the  labourer,  in  order  to  disengagi 
the  ceruse  from  the  pot,  is  obliged  to  knock  it  upon  the  A 
taken-off  boxes,  which  causes  a  dangerous  dust  to  arisen  1 
tfait  aiU'Cts  the  labourer  with  tliat  most  dreadful  disorder^' 
die  colic  of  minerals*. 

3dly.  The  breakage  of  the  pots  according  to  tfiis  plan,  ' 
Is  not  as  one  pot  to  Uiirty  in  comparison  of  the  brcakagttfi| 
aruong  fi"om  the  mode  of  setting.     For  experience  tells 
us,  that  in  the  old  way,  we  may  expect  a  loss  of  30  pots 
^jifiOt  and  of  course  in  a  stack  210,  and  in  9  stacks 

■Ktts.    Supposing  die  manufacturer  to  take  up  and 
Celica  putonuni.   Colic  orPoictou,andDe^on%Viuc- 
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set  four  rounds  of  stacks  in  one  year,  the  number  of  pots 
broken  will  be  7560,  which,  at  5d.  each  pot,  amounts  tQ 
1571.  10s.  These  nine  stacks  of  pots  in  the  old  way 
would  cost  7351.;  according  to  the  new  plan  only  1471. 
leaving  a  difference  of  5881.  as  stated  under  the  first  head 
of  obser vat io!  is.  E  xclusi ve  of  tlie  savings  before  enune- 
ratedy  it  must  be  of  \Qvy  great  benefit  to  the  manufactor- 
er  that  he  can  bring  into  the  market,  in  the  same  ^vtn 
time,  a  third  more  of  white  lead  by  pursuing  the  plan  be- 
fore specified,  than  by  the  old  modes. 

27  Month.  Mag.  331  and  588. 


RED  LEAD. 

I  PROCEED  now  to  the  manufacture  of  jfffcrZAu/ and 
massicot ;  but  I  must  defer  the  plate  I  propose  to  attach 
to  my  accoimt  of  this  manufacture  to  the  next  number, 
the  present  being  supplied  with  the  usual  quantity,  and 
not  Ix'ing  able  to  procure  in  time  the  engravings  neoessa- 
ly  to  iliiiritrate  the  subject  of  lead. 

The  following  account  of  red  lead  from  the  excdient 
Essays  of  Bishop  Watson  (of  Lundaff)  is  proper  to  in- 
troduce the  subjcct- 

"  IF  the  reader  does  not  knon-  what  minium  or  red 
lead  is,  I  would  wish  him  to  send  for  a  few  ounces  of  it 
to  his  painter  or  apothecar}%  Supposing  him  to  have  a 
parcel  of  red  lead  before  his  eyes,  the  first  thing  w*hich  wiH 
strike  him  is  its  vivid  colour  verging  a  little  towards 
orange ;  if  he  crumbles  it  between  his  fingers,  he  will  bid 
it-to  be  an  almost  impalixible  powder ;  if  he  poizes  it  in 
his  hand,  he  will  perceive  it  to  be  much  heavier  than 
either  brick  dust  or  red  ochre,  with  which  substances  it  is 
sometimes  adulterated  ;  if  he  compares  it  with  a  piece  of 
Itad,  he  will  be  astonished  how  it  can  be  either  produced 


Lead.  237 

fifom  lead,  or  be  capable  of  being,  by  a  very  slight  opera- 
tion, reduced  into  lead  again. 

It  has  been  mentioned  in  the  preceding  essay,  that  red 
lead  is  made  from  litluirge  at  Holywell :  this  red  lead, 
which  is  made  from  litharge,  is  not  perhaps,  in  all  its  pro- 
perties, of  qnite  the  same  khid  with  that  which  is  made  di- 
rectly from  lead ;  at  least  I  have  been  informed,  that  the 
makers  of  flint  glass,  who  use  much  red  lead  in  the  com- 
position of  that  glass,  are  of  opinion,  that  the  litharge  red 
lead  does  not  flux  so  well  as  that  which  is  made  from  the 
direct  calcination  of  lead,  as  is  practised  in  Derby- 
sliire.  There  are  in  that  county  nine  red  lead  mills  or 
furnaces,  all  of  which  are  much  upon  the  same  construc- 
tion. 

Tlic  furnace  is  very  like  a  baker's  oven,  its  vaulted 
roof  is  not  a  great  distance  from  the  bottom  or  floor,  on 
each  side  of  the  furnace  there  are  two  party  walls,  rising 
from  the  floor  of  the  furnace,  but  not  reaching  to  the  roof; 
into  the  intervals,  between  these  walls  and  the  sides  of  the 
furnace,  the  pit-coal  is  put,  the  flame  of  which  being 
drawn  over  die  party  walls,  and  striking  upon  tlie  roof,  is 
from  thence  reflected  down  upon  die  lead,  which  is  placed 
in  a  cavity  at  the  bottom,  by  which  means  the  lead  is  soon 
melted.     The  surface  of  melted  lead,  when  exposed  to 
die  open  air,  instantly  becomes  covered  with  a  dusky 
pellicle  ;  and  this  i>ellicie  being  removed  another  is  form- 
ed, and  dius  by  removing  the  pellicle,  as  fast  as  it  forms, 
the  greatest  part  of  the  lead  b  changed  into  a  yellowish 
green  powder.     This  yellowish  powder  is  then  ground 
very  fine  in  a  mill,  and  being  washed,  in  order  to  separate 
itfirom  such  parts  of  the  lead  as  arc  still  in  their  metallic 
state,  it  becomes  of  an  uniform  yellow  colour,  and,  when 
it  is  dried  to  a  proper  consistency,  it  is  thrown  back  again 
into  the  furnace,  and  being  constantly  stirred,  so  that  all 
its  parts  may  be  exposed  to  the  action  of  the  flame  of  the 
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pit  coaly  in  about  48  hours  it  becomes  red  leadj  and  is 
taken  out  for  use. 

The  colour  of  the  red  lead  admits  some  variety,  wlucfa 
is  occasioned  by  tlie  different  degrees  of  heat.  If  the  heat 
is  too  small,  instead  of  red  it  b  yellow  or  orange  coloured ; 
S*  it  is  too  great,  the  red  colour  is  changed  into  a  dir^ 
white,  between  these  two  extremes  it  is  subject  to  some 
-diversity  of  shades  of  red,  which  cannot  be  well  noticed 
or  described,  except  by  those  who  are  engaged  in  the 
making  of  it. 

It  lias  been  asserted,  that  the  reverberation  of  the  flame 
and  smoke  upon  the  surface  of  tlie  lead,  is  not  a  neces- 
sary circumstance  in  giving  it  a  red  colour,  but  diat  it 
will  acquire  tliis  colour  by  a  long  calcination  widwot 
coming  into  contact  with  the  flame.  TI;e  truth  of  dus 
assertion  I  think  may  be  doubted.  I  have  mwe  than 
once  calcined  lead  for  above  60  hours,  without  suflfering 
the  flame  of  the  fire  to  touch  it  during  any  part  of  the  pro- 
cess, but  by  this  method  I  could  never  obtain  any  thing 
better  than  a  dirty  red,  resembling  the  red  of  Ix-ickdust, 
which  is  very  difl^rent  from  the  colour  of  red  lead ;  and 
even  this  dir^r  red  was  changed  into  a  yellow  colour,  by 
augmenting  die  degree  of  heat  with  which  the  lead  bad 
been  calcined.  The  method  of  making  red  lead  is  voy 
wen  understood  ia  England  and  Holland,  but  not  in 
France ;  and  the  French  workmen  are  of  opinion  that  it 
cannot  be  made  by  the  flame  of  wood  fires.^ 

During  the  making  of  red  lead,  part  of  it  is  vokrtiUzed^ 
diere  rises  up  bora  it  a  vapour,  which  attaches  itself  to  dc 
roof  of  the  furnace,  and  forms  solid  lumps.  These  hunps 
are  of  a  yellowish  white  colour  mixed  with  pale  groen 
and  some  reddish  streaks,  wherein  are  frequendy  smaB 
red  crystals,  resembling  such  as  may  be  artificiaUy  form- 

*  Mem.  de  TAcad.  des  Seien.  1 770.    Elemens  de  Miiienl,  pir 
M .  Sage.    Vol.  2.  p.  S48. 
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ed  by  subliming  sulphur  and  arsenic  together.  The  work- 
men call  the  whole  of  what  is  separated  from  the  lead  in 
die  form  of  smoke,  sulphur  :  when  this  sublimed  matter 
is  detached  from  the  roof  of  the  furnace,  the  red  parts  are 
OQDverted  by  a  subsequent  process,  into  red  lead ;  and  the 
jnellow  ones  are  sent  to  the  smelting  furnaces,  to  be  nm 
down  again  into  lead.  The  quantity  of  this  sublimate 
amounts  to  about  five  hundred  weight  in  makbg  one 
hundred  tons  of  red  lead.  The  proportion  here  assigned 
b  not  wholly  to  be  relied  on,  since  the  smoke  arising  from 
die  kad  forms  itself  into  larger  masses,  and  in  less  time, 
when  it  is  not  constantly  swept  from  the  roof  of  the  fur- 
nace than  when  it  is ;  and  the  workmen  endeavour  to 
keq>  the  roof  as  free  from  it  as  they  can,  because  a  small 
pardon  of  it  uijures  the  colour  of  a  large  quantity  of  the 
red  kad  with  which  it  happens  to  be  mixed. 

A  ton  or  twenty  hundred  weight  of  lead  generally  gives 
twenty- two  hundred  weight  of  red  lead,  notwitlistanding 
die  loss  of  substance  which  the  lead  evidently  sustains 
from  the  copious  smoke  wliich  arises  from  it  during  the 
9peradon."  [3  JFatson  337. 

The  method  of  making  red  lead  in  England :  from  Jar's 

Vojrages  Metallurgiques,  vol.  2,  p.  569.     There  arc  two 

manu&ctories  of  red  lead  in  Derbyshire,  at  Chesterfield 

and  at  Worksworth.     The  furnace  appropriated  to  this 

operation  is  a  reverberatory  with  two  fire  places  under  one 

and  the  same  arch,  which  are  separated  from  the  floor  in 

die  middle  of  the  furnace  by  a  wall  on  each  side  about  12 

inches  high.     Each  fire  place  is  about  15  inches  wide, 

iod  run3  the  whole  length  of  the  furnace  from  the  front  to 

Ae  back  or  about  9  feet.     The  distance  between  the  fire 

flaces  on  each  side  is  about  ten  feet.     The  mouth  or  front 

opciung  of  the  furnace  is  about  19  inches  by  16  in  height: 

iidther  this  opening,  or  those  of  the  fire  places  on  each 

side  of  it  arc  ever  closed.    They  are  all  situated  under  a 
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liigh  chimney,  common  to  them  all,  and  opening  inside ; 
so  that  the  furnace  is  in  fact  a  common  baker^s  oven,  of 
which,  the  bottom  by  two  walls  running  the  whole  length 
of  the  arch,  is  divided  into  tliree  parts  ;  the  middle  being 
the  hearth  on  which  the  lead  is  placed,  in  size  about  10 
feet  by  9  feet,  the  other  two  parts  on  each  side  being  fire 
places  of  which  the  dimensions  are  9  feet  by  12  indies 
and  15  inches.  These  fire  places  have  neither  grate  or 
ash  hole.  The  coal  in  middling  sized  lumps  is  thrown 
into  these  fire  places,  which  it  fills  to  the  level  of  the  skle 
walls  (that  is  12  inches  high.)  The  hearth  is  accuratdy 
and  reatly  laid  widi  fire  brick,  with  very  small  joints  and 
is  j^rfecily  level.  The  heaith  is  common,  extending  firom 
the  springing  of  the  arch  on  one  side,  to  the  springingof 
the  siime  on  the  other, 

About  fifteen  hundred  weight  of  lead  is  the  common 
charge  of  tlie  furnace,  of  which  about  one- tenth  b  slag- 
lead,  (procured  by  working  the  slags  over  again).  The 
workman  begins  by  forming  a  ledge  just  hiside  the  mouth 
of  the  furnace,  of  the  yellowish  slag  or  refuse  of  die  wash- 
ing of  the  red  lead  of  die  preceding  charge  :  this  scn-es 
to  keep  in  the  melted  lead  during  the  oj^eration.  The 
flame  from  tlie  coal  fire  on  each  side  strikes  against  the 
roof  of  the  arch,  and  is  reverberated  downward  on  the 
surface  of  the  metallic  lead  on  the  heartli.  During  all 
this  dme,  a  man  standing  in  front  of  die  furnace,  rakes  the 
melted  lead  with  an  iron  rake  which  is  suspended  by  a 
chfdn  hung  on  the  outside  of  the  moudi  of  the  furnace,  so 
that  the  man's  liands  are  freed  from  die  weight  of  the 
rake,  and  he  has  nothing  to  do  but  push  it  backward  and 
fonvard.  As  the  oxyd  forms,  he  draws  it  to  one  side 
leaving  the  centre  of  the  hearth  filled  with  melted  lead, 
of  whicli  by  the  rake  he  continually  exposes  firesh  scu^> 
faces,  until  the  whole  is  converted  into  a  dusty  oxyd. 
Thb  requires  firom  4  to  5  or  6  hours.    The  whole  of  thcf 
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lead  hou'cver,  is  not  converted  into  oxyd.  There  are  al* 
ways  some  refractory  lumps  remaning)  which  are  coI« 
lectcd,  melted  over  again,  and  worked  up  in  the  next 
charge.  (These  are  probably  parts  of  the  lead,  alloyed 
with  ^ver,  zinc  or  antimony,  or  all  three.) 

The  firc  is  well  kept  up  during  the  whole  time ;  but  as 
the  mouths  of  the  furnace  and  also  of  the  fire  places  are 
kept  constantly  open  to  expose  the  surface  of  the  lead  to 
the  air,  the  heat  never  exceeds  a  full  chen^^-red.  The 
smoke  and  dust  passes  up  the  chimney  situated  over  the 
mouth  of  the  furnace. 

At  the  end  of  about  5  hours  the  lead  is  converted  into 
grey  ashes,  but  it  takes  a  continued  heat  of  about  24  hours 
to  convert  it  into  massicot ;  during  this  time,  it  is  raked 
just  enough  to  prevent  its  clotting,  and  forming  lumps, 
as  well  as  any  tendency  to  fusion.    It  is  then  raked  out 
upon  the  floor  of  tlie  apartment  which  is  well  and  neatly 
paved  with  hard  brick.    In  this  state  while  on  the  floor, 
it  is  wetted  with  water  and  raked ;  and  when  cold  it  as- 
sumes the  colour  of  yellow  ochre.     In  this  wet  state  it  b 
taken  away  and  ground  between'  two  mill-stones.    But 
this  operation  does  not  grind  it  fine  enough.    Hence,  af* 
ter  it  has  been  discharged  from  the  mill-stones  into  the  tub 
placed  to  receive  it,  a  man  takes  it  up  in  a  copper  basin, 
and  agitates  it  under  water  in  anotlier  vessel,  until  by 
turning  the  basin  round  backward  and  forward  in  a  half 
circle,  all  the  fine  part  is  washed  out  of  the  basin  and  £dls 
into  the  tub  of  water,  while  the  coarse  sediment  in  die  ba- 
sin,  is  thrown  aside,  either  to  be  ground  or  remelted.     It 
is  this  sediment  which  is  employed  to  form  the  dam  or 
ledge  in  front  of  the  furnace,  used  to  keep  in  the  charge 
of  melted  lead.    The  massicot  so  ground  and  washed, 
subsides ;  the  water  is  turned  off  from  it,  and  it  b  then 
carried  to  the  furnace  again  for  the  next  operation.  Some 
manufacturers  use  the  same  furnace ;  others  m(xie  con- 
VoL.  III.  Hh 
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veniently  have  another  furnace  of  the  same  kind  for  the 
conversiion  of  massicot  into  minium  cr  red  lead. 

The  yellow  sediment  is  now  carried  to  the  hearth  of 
the  furnace  :  the  fires  on  each  side  are  lighted,  and  kept 
up  as  before.  As  the  coaks  or  cinders  form,  diey  are  raked 
out  imd  fresh  coals  put  in.  The  yellow  oxyd  is  now  stir- 
red only  often  enough  to  keep  it  in  a  separate  and  pow* 
dery  state,  and  very  gradually  to  expose  fresh  surfaces  to 
the  air.  In  from  40  to  48  hours,  the  yellow  colour  gra- 
dually disappears  and  is  converted  into  a  deep  browokh 
red.  (This  is  in  my  opinion  the  puce  coloured  per-oxyd 
of  lead.)  But  when  cold,  this  brownish  red,  passes  into 
the  bright  red  of  the  minium  or  red  lead  of  conunerce. 
When  taken  out  of  the  furnace,  it  is  spread  over  die  suriboe 
of  a  large  box  to  cool.  It  is  then  passed  through  a  deve 
in  a  close  vessel,  to  prevent  loss,  and  collected  ioc  sale. 

The  coal  used  should  be  but  moderately  bitumiDous, 
evidendy  because  the  carbonaceous  smoke  retards  die 
oxydation.  The  coaking,  NewcasUe  coal,  is  usually  pit- 
fiorred  in  England.  They  are  persuaded  that  red  lead 
cannot  be  made  with  wood.  It  may  be  more  difEcult, 
partly  on  account  of  the  smoke,  and  partly  on  account  of 
the  acid  vapour  of  wood  unless  it  be  very  dry.  CertBinly 
red  lead  camiot  be  made  by  applying  the  heat  externally: 
it  must  be  applied  to  the  surface  of  the  lead. 

I  shall  give  a  plate  of  die  red  lead  furnace  in  my  next 

The  Utharge  of  commerce  is  the  refuse  of  the  refibaing 
furnaces,  aldioughit  can  be  made  also  in  the  red  lead  fur- 
naces- The  lumps  of  lead  that  cannot  easily  be  convert- 
ed into  ox}'d,  might  as  I  think  be  advantageously  thrown 
aside,  fcH*  refining ;  the  silver,  if  they  contained  it,  would 
doubtless  be  an  obstacle  to  the  oxydation.  Litharge,  seems 
that  state  of  lead,  best  adapted  to  die  decomposidon  of 
alkaline  neutrals ;  but  I  do  not  know  that  Dr.  Thomp- 
son's opinion  lias  been  established,  that  it  is  in  any  d^^ 
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a  carbonat  of  lead,  though  the  rationale  of  the  process  by 
which  it  is  made,  would  point  out  die  fcH^mation  of  the  car* 
bonic  acid,  during  the  process  of  refining  lead. 

By  accident  I  mislaid  the  following  important  memoir 
on  the  refining  of  lead  and^the  making  of  Cupells  or  Tests# 
It  b  from  the  Journal  des  Mines,  No.  64. 

Memoir  on  the  Refining  of  Lead;  with  some  reflections  on 
the  inconvenience  of  Ash  Cupells  :  and  the  description 
of  a  nexv  and  economical  method  of  constructing  Cupells 
or  Refining  Vessels :  read  in  the  French  JVational  Listi- 
iute.  By  C.Duhamel,  Member  of  the  Institute  and 
Inspector  of  Mines. 

It  is  well  known,  that  to  separate  silver  from  lead,  a 
metallurgic  process  called  refining  or  cupellation,  per« 
fornied  in  a  vessel  called  a  cupell,  has  been  employed ; 
it  is  known  also  tliat  tliis  vessel  is  composed  either  of  the 
ashes  of  the  bones  of  animals,  or  of  those  of  vegetables^ 
after  they  have  been  lixiviated,  to  free  them  fix)m  the  sa- 
line matters  which  they  may  contain. 

The  great  quantity  of  wood-ashes  which  must  l^e  em- 
jdoyed  ia  the  construction  of  cupells,  and  the  difficulty 
of  obtaining  them,  long  ago  induced  me  to  endeavour  to 
discover  a  simpler  and  less  expensive  mediod  of  con* 
structing  the  vessels  in  question.  The  old  chemists  having 
observed  that  lead  becomes  oxydated,  or  reduced  into 
v/bsit  is  called  litharge^  when  exposed  to  heat,  or  the  con* 
lact  of  the  atmospheric  air,  while  the  silver  united  to  it  re- 
tains its  metallic  form,  notlung  seemed  necessary  but  to 
find  the  means  of  separating  these  two  metals.  They 
were  conducted  to  the  method  of  accomplishing  this  by 
observing  that  tlie  oxyd  of  lead,  in  its  state  of  liquefaction, 
easily  penetrates  the  substances  which  are  in  contact  with 
it,  and  especially  bone-ashes,  without  deforming  the  ves- 
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sels  which  arc  formed  of  them.  No  matter,  indeed,  is 
more  proper  than  the  latter  for  constructing  small  refining 
cupells. 

The  difficulty,  and  often  even  the  impossibiUty,  of  ob' 
taining  about  160  English  gallons  of  ashes  for  each  o]^ 
ration  of  refining  on  a  large  scale  in  the  German  fumaccSi 
piade  the  proprietors  have  recourse  to  wood-ashes ;  buit 
beddes  that  these  ashes  are  expensive,  it  often  happens 
that  they  cannot  be  procured  in  sufficient  quantity.  Thej 
are  even  attended  with  one  inconvenience,  which  is,  ttat 
^ley  come  off,  and  float  on  the  fused  lead ;  the  refining 
then  fails :  and  this  takes  place  every  time  that  the  adies 
are  badly  preparedi  that  the  cupell  is  insufficiently  or  not 
unifonnly  beat,  or  when  the  canals  destined  for  the  evqio* 
ration  of  the  mpisture  are  neither  in  sufficient  pumba, 
nor  properly  arranged,  nor  covered  with  a  stratum  of 
scorisci  on  which  is  establislicd  die  bottom,  that  receives 
tiie  ashes,  and  which  ought  to  be  constructed  of  the  most 
porous  bricks,  in  order  that  the  water,  with  which  it  is 
necessary  to  moisten  the  ashes,  may  penetrate  them  k 
evaporating,  may  proceed  to  the  bed  of  scorise,  and  escape 
by  the  spiracles  which  are  at  the  base  of  the  furnace. 

To  ascertain  the  proportion  of  lead  in  silver,  it  is  suf- 
ficient to  put  some  pennyweights  into  a  small  cupell  of 
bone-ashes  placed  under  the  muffle  of  an  assaying  fiff* 
nace.  In  proportion  as  the  lead  becomes  oxydated,  it  m- 
sinuates  itself  into  the  cupell,  and  the  silver  at  last  as* 
sumes  that  vivid  appearance  which  announces  that  ibc 
whole  lead  is  dissipated,  that  the  silver  it  contained  is  i^ 
fined,  and  has  attained  to  its  maximum  of  purity* 

In  refining  on  a  large  scale,  the  object  also  is  to  sepa- 
rate the  silver  from  the  lead,  but  not  to  make  the  whde 
of  the  latter  penetrate  into  the  cupell,  which  is  even  im- 
possible ;  for  in  that  case  it  would  be  necessary  to  have 
'4  much  larger  quantity  of  ashes  few-  tlic  total  absorption  oC 
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Aemetal :  besides,  the  operation  \vould  require  a 
ten  doies  as  long  as  that  used  in  general  for  refining,  and 
would  occasion  ten  times  the  expence  in  fuel,  and  a  much 
greater  loss  of  the  metals  than  by  the  usual  process,  where 
tbe  greater  part  of  the  lead  is  obtained  in  litharge,  while  a 
portion  penetrates  into  the  cupell  for  about,  two  inches  of 
its  thickness,  which  must  be  fused  to  revive  tbe  lead. 
TTiis  reduction  is  also  more  expensive,  and  experiences 
a  greater  loss  than  the  litharge,  which  is  easily  fused,  and 
wUch,  without  passing  through  the  furnace,  may  be  em- 
pbyed  as  an  article  in  commerce. 
Lead  ore  and  litharge  may  be  fused  as  in  England,  and 
\-  thedepartment  of  the  ci-devant  i.rittany,  in  a  reverberating 
\  fomaoe  the  soles  or  basons  of  which  are  formed  of  pound- 
[  cdand  moistened  clay.  These  soles  can  stand  the  action 
\  of  heat  and  of  the  oxyd  of  lead  for  six  or  eight  months  of 
k    unkitamipted  labour. 

?  The  durability  of  these  earthen  soles  gave  me  the  first 
^  idea  of  the  method,  which  I  shall  hereafter  propose,  for 
idMng-iumaces,  where  the  only  thing  required  is  to 
oxydate  the  lead  to  obtain  it  m  litharge,  and  not  to  cause 
Ae  capdls  to  imbibe  the  whole  of  it,  as  is  done  when  the 
j  object  b  to  assay  the  metal  in  order  to  know  whether  it 
OQQtains  silver.  In  operating  on  a  large  scale,  the  cupell, 
dxmgh  of  ashes,  absorbs  only  a  part  of  the  lead,  as  I  have 
akeady  said,  observing  at  the  same  time  that  it  would  be 
nmdi  more  advantageous  to  obtain  the  whole  transformed 
bto  lithai^,  the  reduction  of  which  into  lead  is  much 
I  Osier  than  that  of  the  oxyd  contained  in  the  ashes,  which 
oppose  fusion,  and  the  scoriae  of  which  always  carry  with 
them  some  of  the  metaL 

In  a  cupell  of  ashes  beat  into  an  oval  circle  of  iron,  the 
greater  diameter  of  which  is  only  five  or  six  feet  and  the 
kss  one  yard,  the  English  refine  from  a  ton  to  23  cwt.  of 
kad,  which  is  converted  into  beautiful  litharge,  exoept  the 
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small  portion  ^vhich  penetrates  into  the  cupelli  the  ^ck-, 
ness  of  which  is  only  about  2  3-4  inches,  and  wluch  i$sup« 
parted  under  the  arch  of  the  furnace  by  two  bars  of  iron. 
A  pair  of  leather  bellows  drive  the  Fitharge  towards  the 
anterior  part  of  the  furnace,  from  which  it  falls,  without 
intemi['ticH),  on  the  floor  of  the  foundry,  while,  to  fill  up 
the  vacuity  left  by  the  oxyd  running  off,  an  ingot  of  Ind 
placed  close  to  the  base  of  the  bellows  is  made  to  advance 
gradually  into  the  intericx'  part  of  the  furnace.  This  leadi 
by  fusing,  keeps  the  cupeU  full  till  towards  the  cod  of  the 
opei^tion. 

If  I  have  here  given  a  short  view  of  the  process  oC  the 
English,  it  is  only  to  shew  that  it  is  possible  to  perfona 
operations  of  refining  by  employing  o«ily  a  small  quantitf 
of  ashes  for  the  construction  of  cupells.  Those  in  ques- 
tion do  not  absorb  90  pounds  of  oxyd  in  the  large  qua&* 
tity  of  lead  u  hich  is  rcfmed. 

It  is  dien  proved  that  metallurgists  have  alwa3rs  codes- 
voured  to  obtain  the  greatest  quantity  possible  of  lithaige, 
and  litde  ashes  impregnated  with  oxyd ;  but  as  IjjP} 
thought  that  they  ought  not  to  deviate  firom  the  doddfcfr 
tic  process,  they  have  always  constructed  their  cupdis  of 
ashes. 

It  has  been  seen  that  in  cupcllation  on  a  small  scaki 
lead,  in  pr(^)ortion  to  its  oxydation,  penetrates  the  adifik 
When  no  more  b  lefl,  the  small  button  of  silver  remaips 
pure  at  the  bottom  of  the  bason  under  a  spherical  Icnn* 
This  operation  takes  place  with  the  more  celerity,  as  tte 
surface  of  the  mass  is  always  convex  in  these  small  ves- 
sels ;  which  allows  the  oxyd  to  flow  as  on  an  indindi 
plane,  towards  the  edges  of  the  cupell,  where  it  is  iraoM* 
diately  imbibed. 

The  case  is  not  the  same  with  cupells  on  a  large  scalet 
which  are  several  yards  in  diameter :  bellows  muA  beip- 
]>lied,the  wind  of  which  serves  not  only  fin:  accekradqg 
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die  oxydation,  but  also  for  driving  the  litharge  towards 
the  gutter  forincd  for  its  escape. 

We  have  remarked  the  inconveniences  and  even  die 
impossibility  of  making  the  whole  lead  penetrate  into  the 
ashes  of  large  cupells :  oxydation,  indeed,  is  not  effected 
but  in  the  parts  of  the  mass  exposed  to  the  contact 
of  the  air  or  to  the  wind  of  the  bellows ;  but  as  11- 
dwfge,  towards  the  middle  of  tlie  bason,  could  not  reach 
iti  edges,  it  would  remain  there  in  a  state  of  stagnation, 
and  would  necessarily  oppose  the  formation  of  a  new  stra- 
tum of  oxyd.  This  has  induced  metallurgists  to  expel 
Ae  litharge  by  the  wind  of  a  pair  of  bellows  in  proportion 
« it  is  f<x*med,  and  to  make  it  flow  from  the  furnace. 

Oxydation  then  take  place  only  at  the  surface  of  die 
VHBSi  and  not  at  its  lower  part :  if  the  case  were  other- 
wise, the  ashes  of  cupells  would  be  penetrated  by  the  oxyd 
to  a  ttuckness  die  more  unequal,  as  the  operation  is  long- 
er; but  I  have  always  remarked,  that  the  test^  or  tlie  part 
rf. Ac  ashes  impregnated  with  litharge,  in  refining  on  a 
kge  scale,  is  not  thicker  in  the  centre  of  the  bason  than 
tofwards  its  circumference,  though  the  lead  remains  diirty 
or  forty  times  as  long  in  the  bottom  as  on  the  edges ; 
since  the  mass  continually  decreases  till  the  whole  lead 
is  reduced  to  litharge,  and  till  nothing  remains  but  a  cake 
of  sihrer  at  the  bottom  of  the  cupell. 

If  the  whole  lead  is  imbibed  by  the  assaying  cupell,  it 
is  because  this  small  vessel  is  exposed  to  a  heat  uniform 
in  all  its  parts.  As  the  cupell,  in  operations  on  a  lai^ 
scdc,  presents  to  the  action  of  the  caloric  only  its  upper 
surface,  the  oxyd  imbilied  ceases  to  penetrate  it  at  the 
pbce  where  the  temperature  is  no  longer  high  enough  to 
keep  that  oxyd  in  a  state  of  fusion.  For  tliis  reason,  the 
thickness  impregnated  is  equal  throughout  the  whole  ex- 
tent of  die  cupell ;  and  this  prevents  the  possibilit}'  of 
making  die  whole  lead  ixmetratc  into  tlie  ashes. 
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From  the  above  observations  it  may  easily  be  conodv* 
ed,  that  if  the  assaying  of  lead  ought  to  be  performed  in 
small  cupells  of  bcxie-ashes,  in  order  that  the  oxydated 
metal  may  penetrate  them,  and  be  in  part  evaporated,  dx 
case  is  different  with  refining  on  a  large  scale,  where  it  a 
necessary  to  accelerate  the  operation,  and  to  obtain  as 
much  litharge  as  possible. 

I  have  already  said,  that  the  wood  ashes  of  which  cd« 
pells  are  made  for  refining  on  a  large  scale  are  expensvc; 
that  very  often  a  sufficient  quantity  cannot  be  procured ; 
and  that  besides  this,  part  of  the  ashes,  and  sometimes  the 
whole,  separate  themselves  entirely  firom  the  sole ;  whicli 
occasion  a  considerable  loss.  I  shall  add,  that  to  give 
more  weight  and  consistence  to  the  cupells,  it  is  often  ne« 
cessary  to  mix  with  the  ashes  a  large  quantity  of  saEDd; 
especially  if  the  lead  contains  foreign  substances,  such  as 
arsenic,  cobalt,  antimony,  tin,  &c.  If  the  lead  be  ooljr 
arsenical,  after  having  separated  the  first  scum,  a  quarter 
of  a  hundred  weight  of  iron  filings  or  cast  iron  turmngi 
are  now  and  then  thrown  over  the  whole  surface  of  Ac 
mass.  This  iron,  being  lighter  than  lead,  floats  over  it 
and  absorbs  the  arsenic,  after  which  the  mass  moA  be 
scummed :  soon  after,  the  litharge  is  formed  without  any 
obstacle.     This  method  is  employed  in  Saxony. 

The  necessity  of  adding  sand  to  the  ashes  of  cujidb 
must  have  conducted  to  the  discovery  of  the  foUowing 
means,  which  I  shall  here  propose. 

New  Method  of  constructing  Basons  for  Refitung. 

Without  making  any  change  in  the  mas(m- work  of  & 
refining  furnace,  called  the  German,  care  only  must  be 
taken  to  form  at  the  bottom  a  sufficient  number  of  canab 
for  the  evaporation  of  the  moisture,  and  to  arrange  them 
in  the  manner  best  calculated  to  produce  thatefiect 
These  canals  or  spiracles  must  be  covered  with  a  bed  of   I 
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scoriae,  over  which  a  pavement  is  to  be  made  of  one  layer 
of  tlic  most  porous  bricks. 

On  this  area,  which  must  be  concave  like  the  sole  on 
which  the  ashes  of  common  cupells  are  beat,  place  foun- 
ders' sand  a  little  moistened ;  to  which  may  be  added  a 
fifteenth  part  of  argil,  if  it  is  not  sufficiently  earthy,  in  or* 
der  to  give  it  the  requisite  solidity ;  and  die  whole  must 
be  carefully  mixed.  This  sand  must  be  rammed  in  the 
same  manner  as  for  consolidating  aalies ;  and  a  refining 
bason  is  to  be  formed  in  like  manner,  uniformly  beat  in 
aD  its  parts.  The  thickness  of  this  cupell  must  be  six  or 
seven  inches :  it  may  be  formed  of  two  strata,  as  will  be 
seen  horcailer. 

After  the  bason  has  been  uniformly  beat  in  every  part, 
about  a  gallon  of  lixiviated  wood-ashes  may  be  sifted 
over  its  whole  surface,  and  rendci^  adherent  with  beat- 


When  die  cupell  is  thus  prepared,  let  down  the  head 
the  furnace  and  make  a  moderate  fire  in  the  fire-hole ; 
which  must  be  maintained  for  several  hours,  in  order  to 
cause  a  part  of  the  water,  with  which  the  sand  has  been 
moistened,  to  evaporate.  The  surplus  will  be  dissipated 
during  the  operation,  without  any  inconvenience,  by  ca- 
nals of  evaporation. 

After  a  sufficient  desiccation,  raise  the  head  and  suffer 
Ae  cupell  to  cool  a  litde ;  spread  out  straw  or  hay  over  it» 
and  arrange  the  ingots  of  lead,  placuig  them  gently  on  it 
diat  their  weight  may  not  derange  the  sand :  it  is  to  pre* 
vent  such  derangement  that  straw  is  employed,  as  is  done 
in  regard  to  cupells  of  bone-ashes.*  When  the  quantiQr 
of  lead  necessary  for  filling  the  cupell  is  arranged  in  the 
furnace,  let  down  the  head,  and,  having  luted  it  round 

*  Instead  of  prismatic  ingots  it  will  be  better  to  cast  the  lead 
b  hemiipherical  iron  moulds.  Pieces  of  that  form  are  less  liable 
to  damage  the  cupell* 
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widi  soft  cla}%  make  fire  in  the  fire-  hole  as  for  the  commoii 
operations  of  refining. 

When  the  lead  is  in  complete  fu^on,  and  the  mass  b 
covered  with  scum  and  charred  straw,  make  the  scum  a 
dross  run  off  by  the  gutter  for  the  litharge  with  a  bit  of 
board  about  a  foot  in  length,  in  the  middle  of  which  is 
&stened  a  rod  of  iron  of  sufficient  length  to  traverse  the 
furnace  and  about  a  yard  more. 

When  the  lead  has  been  well  scummed  several  timesi 
and  begins  to  be  red,  make  the  bellows  act,  but  at  first 
gently ;  arrange  the  nozzles  of  them  in  such  a  nuimer, 
that  the  wind  issuing  from  both  may  be  directed  to  the 
centre  of  the  cupell ;  and  in  order  that  the  wind  may  be 
always  reverberated  on  the  mass,  adapt  to  the  extremity  of 
each  nozzle  a  small  round  piece  of  iron  plate.  This 
kind  of  valves,  which  the  French  refiners  call  papdlmu^ 
is  employed  for  refining  according  to  the  German  method 
They  are  suspended  by  hinges  at  their  upper  part :  at 
each  stroke  of  the  bellows  they  are  half  raised,  and  they 
revoberate  the  wind  on  the  lead,  which  accekratea  its 
ozydation. 

After  all  the  dross  or  scum  is  removed,  and  when  the 
lead  has  become  exceedingly  red,  and  covered  with  asm- 
tum  of  litharge,  form,  with  a  small  ux)h  hook  destined  ftr 
HbsA  purpose,  a  small  gutter  in  the  sand  of  the  copd, 
which  must  be  dug  deeper,  gradually  and  with  cautkiii 
imtil  the  bottom  of  it  be  on  a  level  with  the  mass.  The 
litharge  dien,  driven  by  the  wind  of  the  bellows  ttmiids 
the  anterior  part  of  the  funiace,  will  run  by  this  gutter 
and  fall  on  the  floor  of  tlie  foundry,  as  is  the  case  in  & 
common  operations  of  refining. 

When  the  refiner  observes  that  no  more  litharge  r^ 
mains  in  the  neighbourhood  of  the  gutter,  he  will  stop 
the  flowing  off  with  a  small  quantity  of  moistened  ashes: 
but  as  soon  as  the  lead  agam  becomes  covered  with  oxydi 
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the  gutter  must  be  openedi  and  must  be  dug  in  propor- 
don  to  the  diminution  of  the  mass,  taking  care  that  no 
lead  escapes,  and  particularly  towards  the  end  of  the  ope- 
ration ;  for  it  would  carry  with  it  a  great  dcdl  of  silver, 
Evliich  would  be  lost.  You  must  proceed  in  this  manner 
iU  the  silver  has  acquired  its  vivid  colour ;  taking  care  to 
increase  the  fire  in  proportion  to  the  diminution  of  the 
mass ;  especially  when  the  operation  is  nearly  terminated^ 
because  the  silver  then  is  collected  together :  and,  as  it  is 
nuch  more  difficult  to  be  kept  in  fusion  than  the  small 
luantity  of  lead  which  remains  united  with  it,  it  could  be 
refined  only  in  an  imperfect  manner  at  an  insufficient  tem- 
perature ;  and  instead  of  about  a  twentieth  of  lead,  which 
the  ^ver  generally  contains  in  the  German  refining-hous- 
es,  it  would  remaui  charged  with  a  great  deal  more,  which 
would  render  it  more  difficult  to  proceed  to  a  second  ope- 
ration, called  the  refining  6f  silver,  by  which  it  is  carried 
to  the  required  degree  of  purit}\  The  Germans  call  this 
lecond  process  silber  brennen^  burning  silver. 

Those  accustomed  to  the  refining  of  lead  acc(M'ding  to 
the  German  method,  will  be  able  to  perform  that  which 
[here  propose ;  for,  though  the  cupell  be  of  sand  instead 
of  ashes,  the  opei*ation  must  be  conducted  in  the  same 
manner. 

It  has  been  seen  that  the  English  refine  a  large  quan« 
dty  of  lead  in  a  small  cupell :  in  the  like  mamier,  a  great 
deal  of  metal  may  be  made  to  pass  by  that  which  I  pro- 
pose, if  care  be  taken  to  add  more  metal  as  that  wtuch  is 
oxydated  escapes.  If  we  suppose  that  the  cupell  is  capa- 
ble of  containing  four  or  five  tons  of  lead,  above  sixteen 
may  be  refined  at  one  operation ;  which  will  not  be  at- 
tended with  the  inconveniences  of  the  English  process. 

I  have  reason  to  think  that  a  cupell  of  sand  well  con- 
atructcd  may  serve  for  several  operations  widiout  the  ne- 
cessity of  re-constructing  it  each  time,  as  is  the  case  with 
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those  of  ashes ;  but  in  this  case,  and  before  the  lead  is  in- 
troducedy  you  must  fill  up  the  gutter  which  has  been 
made  for  the  litharge  to  run  off,  after  having  removed  wiA 
a  chisel  the*kind  of  varnish  which  the  oxyd  of  lead  has 
left  on  the  sides  of  it,  in  order  that  die  ne^v  sand,  sonK- 
what  moistened,  may  form  an  intimate  connection  wiA 
the  okl  sand,  which  must  also  be  watered  in  that  part  be* 
fore  the  new  sand  is  deposited. 

The  long  duration  of  earthen  soles  in  reverberating  iiir« 
naces,  where  lead  ore  and  even  litharge  are  fused,  as  I 
have  already  mentioned,  leaves  no  room  for  appidiensioii 
in  regard  to  the  action  of  the  oxyd  of  lead,  which  w3i  act 
only  at  the  sur&ce  of  the  cupcll,  and  will  penetrate  only  i 
very  small  part  of  its  thickness. 

After  one  or  more  operations  of  refining,  this  crust  must 
be  removed,  and  fiised  in  a  furnace  in  contact  unth  fiid, 
in  order  to  obtiun  die  lead.  This  process  will  be  as  eaqr 
as  the  reduction  of  that  metal  contained  in  the  ashes  d 
common  cupells,  and  in  a  much  smaller  quantity.  Mot 
Utharge  then  will  be  obtained  by  the  new  method  than  the 
dd ;  which  is  an  advantage,  as  I  have  already  observed. 
I  shall  here  add,  that  as  the  sole  of  sand  does  not  absob 
so  much  oxyd  of  lead  as  that  of  ashes,  it  will  not  cany 
^vidi  it  so  much  silver ;  for  it  is  well  known  that  lead  re- 
vived firom  its  ashes  always  contains  more  than  that  which 
arises  from  the  reduction  of  lidiarge. 

Instead  of  Sdnd,  argillaceous  eardi  might  be  cmpk^td 
for  the  construction  of  cupells,  as  is  the  case  in  regard  to 
the  soles  of  the  reverberating  furnaces  in  the  ci-devant 
Brittany ;  but  it  would  be  necessary  to  ram  this  eardi  re- 
peatedly for  several  days ;  otherwise  it  would  split,  and 
these  cracks  woulct  increase  by  the  shrinking  which  most 
resuh  from  the  heat,  and  lead  would  insinuate  itself  into 
these  fissures :  an  inconvenience  which  caimot  take  phci 
>vith  sand  even  a  little,  eanhv.  I  shall  observe  alsoi  tfat  a 
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sole  of  earth  would  harden  too  much  to  allow  a  gutter  to 
be  dug  for  the  passage  of  the  lithai^ :  in  this  case  it 
t?Quld  be  necessary  that  the  place  destined  for  the  oxyd 
to  run  off  should  be  constructed  with  sand  or  lixiviated 


I  shall  add  also,  that  it  \vill  be  advantageous  to  emjdoy' 
two  kinds  of  sand  in  the  formation  of  the  bason  of  the 
copett  ;  one  kind  fine  like  that  used  by  founders,  and 
the  other  coarser  and  not  earthy :  the  latter  will  form  the 
first  stiatumi  which,  after  being  beat  with  rammers  des- 
dned  for  that  purpose,  ought  to  be  about  diree  inches 
and  a  half  in  thickness.  The  fine  ssuid,  a  little  earthy, 
mast  dien  be  applied  over  this  first  stratum  to  ioxm  a  se- 
cood,  which  is  to  be  rammed  like  the  former.  Both  these 
kinds  of  sand  must  be  somewhat  moistened  beibre  they 
wt  introduced  into  the  furnace,  in  order  that  they  may 
be  betto  heaped  up,  and  be  consolidated  by  the  ram- 


Tbe  sand  of  the  lower  stratum,  being  coarser  than  that 
oif  the  upper,  will  absorb  the  moisture  of  the  latter  in  pro- 
portion as  it  evaporates ;  and  it  will  pass  without  any  ob- 
stacle through  the  canals  disposed  for  that  purpose. 

The  lower  stratum  of  sand  may  remain  in  its  place 
when  a  new  cupell  is  to  be  constructed  with  fine  sand, 
and  the  part  of  the  latter,  which  has  not  been  impregnated 
widi  oxyd,  must  be  mi?wed  with  new  sand  to  form  a  cu- 
peB.  Care  must  be  taken  in  raiding  this  sand  not  to 
touch  the  lower  stratum ;  for  the  sand  of  the  latter,  which 
is  coarse,  must  not  be  mixed  with  the  other.  This  in- 
convenience may  be  avoided  by  beating  over  the  bed  of 
coarse  sand  a  thin  stratum  of  ashes,  at  which  you  must 
8top  in  removing  tlie  fine  s;md  of  the  upper  stratum. 

h  has  been  said  tliat  the  founders'  sand  must  l>e  some*- 
what  earthy,  and  that,  if  it  is  not,  a  little  argil  must  be 
added  to  give  it  cohesion :  but,  as  it  is  necessary  that  this 
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argil  sliould  be  uniformly  diffused  through  all  the  parts 
of  the  sandy  it  must  be  diluted  in  the  water  with  which 
the  sand  is  moistened,  and  the  whole  must  be  carefiilljr 
mixed. 

It  may  be  objected,  that  as  cupdls  of  sand  do  not  ab^ 
sorb  so  much  litharge  as  those  of  ashes,  more  time  \rill 
be  required  to  terminate  die  operation  of  refining;  sincc^ 
in  the  new  process,  the  oxyd,  instead  of  being  absoibed, 
ought  to  flow  from  the  furnace.  This  circumstance  needs 
excite  no  uneasiness ;  for  the  wind  of  the  bdlows,  if  ifdl 
directed  will  make  the  litharge  flow  along  the  gutter  more 
abundantly  than  if  there  had  been  an  absorption. 

I  have  seen  refiners  in  Germany,  who,  in  construcdi^ 
their  cupells  of  ashes,  formed  in  the  middle  of  it  a  small 
circular  depression  the  diameter  of  which  was  propordon-' 
ed  to  the  quantity  of  the  silver  which  they  knew  to  be 
contained  in  the  lead  subjected  to  the  operation.  By  tlus 
excellent  disposition  no  grains  of  that  valuable  metal  re- 
main insulated  firom  the  cake ;  the  whole  runs  into  die 
central  bason,  and  forms  a  cake  perfectly  round.  I  would 
recommend  this  practice. 

I  am  certain  that  the  cupells  here  proposed,  if  careful- 
ly and  properly  constructed,  will  be  attended  with  com- 
plete  success ;  will  be  fiee  from  tlie  inconveniences  of 
tiiose  of  ashes,  and  at  the  same  time  will  be  econonucaL 
I  am  desirous,  for  the  benefit  of  metallurgy,  that  the  me- 
thod here  pointed  out  may  be  put  in  practice ;  it  will 
prove  tliat  we  ought  not  to  be  too  tenacious  in  adhering 
servilely  to  ancient  usages  or  to  the  common  routine  d 
wcH'kmen. — 14  Philos.  Mag.  210. 

Acetite  of  Lead.  There  are  two  acetous  salts  of  lead : 
one  wherein  the  vinegar  is  saturated,  which  is  Goulard's 
extract  of  satum,  the  quack  medicine  (though  a  good  one) 
commonly  used  to  apply  to  inflammations,  bums  and 
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scalds,  and  bruises.  It  b  this  last  only,  which  is  the  che* 
mical  test  of  the  presence  of  mucilage  and  gum :  where- 
on see  Dr.  Bostock's  paper  in  1 1  Nicholson's  Jo^imal,  p. 
75.  This  saturated  salt  of  lead,  Goulard's  extract,  or 
the  aqua  lythargyri  acetati,  contains  lead  21,  aoetite  acid 
5,  oxygen  2,1,  water  71,9  :  whereas  the  sugar  of  lead  or 
acetite  of  lead  of  commerce  contains  in  100  parts,  lead 
15,3,  acetite  acid  7,5,  oxygen  1,5,  water  75,7- 

Take  the  corroded  lead  scraped  off  the  blue  lead  in  the 
manufacture  of  white  lead  :  dissolve  this  in  strong,  clear, 
well-fined,  colourless  vinegar.  If  it  be  not  so,  it  must 
be  made  so  by  distillation.  A  moderate  heat  will  asast 
the  solution  ;  but  if  heat  be  applied,  it  should  be  in  close 
vessels.  The  vessels  should  be  of  glass  or  earthen  ware ; 
(or  perhaps  tin  might  answer).  The  vinegar  should  not 
be  quite  saturated.  The  solution  should  slightly  redden 
litmus  paper.  Draw  off  the  solution  quite  clear.  Crys- 
tallize by  slow  evaporation.  If  the  cr}*stals  be  not  per- 
{ect,  dissolve  the  crystallized  mass  over  again  in  distilled 
vinegar,  which  I  believe  the  Dutch  always  use. 

I  fancy  the  first  washings  of  the  white  lead  in  the  white 
kad  manufiictory,  may  be  worth  saving  and  evaporating, 
where  the  intent  is  to  make  sugar  of  lead. 

This  I  believe  to  be  the  process :  but  I  am  not  confi- 
dent of  the  accuracy  of  my  information.  In  my  time  it 
was  not  made  in  England :  it  was  entirely  imported  from 
Holland.  The  calico  printers  used  it  in  very  large  quan- 
ties  to  make  printers  mcnrdant,  the  acetite  of  alumine. 
This  is  made  by  mixing  firom  one  part  to  one  part  and  a 
half  of  sugar  of  lead  in  saturated  solution,  with  a  saturate 
ed  solution  of  one  part  of  ground  alum.  The  alum  must 
be  previously  tried  to  see  whether  it  ccmtain  iron :  if  it 
do,  it  will  turn  the  madder  red  of  a  chocolate  hue. 

I  have  already  su^ested^  that  the  acetite  of  lime,  made 
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by  dissolvii^  whiting  or  chalk  in  strong  vinegar,  vrcfl 
fined,  may  be  substituted  for  sugar  of  lea^ 

Sugar  of  lead,  is  coming  greatly  into  fashion  in  dosei 
of  from  one  to  three  grains,  in  cases  of  hemorrhage  of  al- 
most every  species. 

It  has  been  pressed  to  substitute  the  pyroligneoq^ 
acid  for  vinegar,  and  it  nfiay  be  done ;  but  whether  it  mqf 
be  done  as  cheaply  as  by  making  vinegar  out  of  cyder, 
or  whiskey  and  sugar,  I  cannot  say.  The  Messrs.  Mot- 
krats  (Freres)  at  Paris,  some  years  ago,  presented  a  me- 
0KMr  to  the  institute,  in  which  tliey  announced  die  making 
of  strong  vinegar  from  the  pyroligneous  acid,  or  the  acid 
distilled  from  wood.  It  had  the  pungent  smell  of  radical 
vin^ar :  one  pint  would  make  a  gallon  of  vinegar  of  cr- 
dinary  strength,  very  clear,  very  pure,  and  very  please. 
I  know  not  the  process.  Dr.  Bollman  has  made  it  io 
snuiU  quantities  pcrfecdy  well.  I  have  made  it,  not  quiti; 
fitt  from  empyreuma,  in  the  making  of  carburetted  hgr* 
drogen  as  a  gas-light  from  wood,  l>efore  my  class.  Hie 
acid  liqucHT  tliat  comes  over  when  the  wood  is  distiUed 
being  percolated  through  charcoal,  then  saturated  with 
chalk,  again  percolated,  and  the  acetite  of  lime  so  produc- 
ed distilled  with  sulphuric  acid,  will  produce  a  pyrolig- 
neous acid,  which  however  still  retains  more  empyreuma, 
dian  can  be  borne  to  be  used  in  cookery. 

The  empyreuma  perli^s  would  be  of  no  consequence 
in  making  a  rough  and  impure  sugar  of  lead  for  calico 
printers,  any  more  tlian  when  it  is  used  by  them  to  make 
the  pyrdignite  of  iron,  for  their  blacks.  But  conceming 
all  this  I  know  little  experimentally.  It  19  a  subject  wordi 
pursuing. 

Patent  Mineral  Yellow.  The  fused  muriat  of  kad, 
produced  by  decomposing  common  salt  by  means  of 
litharge ;    triturating  it  m  the  form  of  a  tliin  paste  with 
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water  for  twelve  or  fourteen  hours ;  washing  away  the 
soda ;  and  drying  and  fusing  the  white  muriat,  I  have  al- 
nady  mentioned  under  the  head  of  white  lead  a  few 
pages  back ;  I  shall  tlierefore  say  no  more  about  it. 
Turner's  patent  was  taken  out  February  i6,  1780.  It 
was  set  aside  in  1787.  See  Turner  v.  Winter,  1  Dum. 
ad  East,  602. 

But  as  the  method  of  making  it  in  this  countnr,  appears 
Co  me  to  be  an  improvement,  I  shall  give  it.  I  am  oblig* 
ed  for  the  process  to  Dr.  Hunter. 

Take  66  lbs.  litharge,  and  one  bushel  of  salt :  (by  the 
way  I  would  remark,  that  one  bushel  of  Lake  or  Grenesee 
sah,  of  Liverpool  fine,  and  of  Norwich  fine,  will  weigh 
but  56  lbs. :  a  bushel  of  Liverpool  salt,  second  fine,  light* 
ly  put  into  the  measure  and  not  pressed  down,  will  weigh 
%\  lbs. :  a  bushel  of  St.  Ubes'  salt  in  like  manner,  will 
weq|;h  76  lbs. :  of  Turk's  island  salt  from  83  to  8  ^  lbs. : 
An  this  I  have  tried  myself,  T.  C.)  Dissolve  the  salt  in 
a  pan.  AVhen  dissolved,  strain  it  and  pour  back  the 
bpior  into  tlie  pan :  then  add  the  litharge,  keep  a  str<mg 
file  under  tlie  pan  for  three  hours,  until  die  mixture  be 
perfecdy  white.  The  liquor  then  is  caustic  mineral  al* 
kali,  which  must  be  poured  dS  and  preserved.  Then 
^vash  off  the  alkali  that  remains  in  the  sediment  by  repeat* 
cd  waters,  adding  it  to  the  liquor  poured  off.  Take  the 
sediment,  which  is  a  muriat  of  lead ;  dry  it  on  chalk- 
stones  ;  when  dry,  put  it  in  crucibles  half  filled^  and  mdt 
the  substance  in  an  air  furnace.  The  crucible  should  be 
covered,  for  any  carbonaceous  matter  will  reduce  the  mu- 
riat into  metallic  lead.  It  should  remain  in  the  furnace 
till  cold,  to  preserve  its  crystallized  form. 

^€t  Ledd  Boxes,  ^hese  are  ccmvenient  in  many 
Kspects  for  the  keeping  of  substances^  that  require  to  be 
preserved  firom  air  and  moisture.    Bqt  as  it  docs  not  seem 

Vol.  in.  K  k 
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to  me  a  business  of  much  importance,  I  shall  only  refer 
to  the  method  of  making  these  boxes,  in  No.  2.  of  vol.  1. 
p.  133,  for  July,  1802,  of  the  New  Scries  of  tlie  Repertory 
of  Arts. 

Shot.  Is  made  by  melting  lead  with  arsenic,  and 
pouring  it  out  of  Troughs  from  a  great  height  into  a  large 
vessel  of  water.  The  iK-iglit  is  intended  to  give  rotundity 
to  the  shot :  the  arsenic  to  make  it  more  fusible,  so  that 
it  shall  preserve  its  rotundit}''  arising  from  its  liquid  state 
until  the  moment  when  it  is  required  to  be  condensed. 
Mr.  Paul  Beck's  shot  manufactory  at  Philadelphia,  is, 
IbeUeve,  175  or  180  feet  high.  The  first  fall  for  smaB 
shot  is  about  130  feet,  the  second  fall  or  melting  place,  is 
about  170  feet  high. 

I  give  below  the  common  English  processes :  but  in 
my  opinion  the  practice  is,  to  melt  the  whole  quantity  of 
arsenic,  with  a  small  pcHtion  of  the  lead  first :  and  then  to 
add  this  strongly  arseniated  lead  to  the  unalloyed  lead, 
when  the  latter  is  melted.  The  arsenic,  should  not  ht 
crpiment.  It  should  be  white  arsenic.  It  should  be  imz- 
ed  with  three  or  four  times  its  bulk  of  charcoal,  lamp- 
black, rosin,  or  some  carbonaceous  or  inflammable  sub- 
stance, and  being  tightly  inclosed  in  several  folds  of  paper, 
should  be  thrust  down  with  a  stick  to  the  bottom  of  Ae 
lead.  The  pan  of  melted  lead,  should  be  then  covered, 
in  order  to  aid  the  impregnation  of  the  lead  with  the  arse- 
nic. The  pan  should  be  of  thin  cast  or  thick  sheet  iron ; 
for  the  heat  must  not  be  too  great.  It  is  right,  when  the 
surface  of  the  lead  is  irridescent. 

As  the  general  method  of  making  shot  is  kept  a  secret, 
I  give  all  the  processes  I  have. 

Patent  Milled  Shoty  is  thus  made ;  sheets  of  lead, 
whose  thickness  corresponds  with  the  size  of  the  shot  re- 
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1,  are  cut  into  small  pieces,  or  cubes,  of  the  form  of 
a  die.  A  great  quantity  of  these  little  cubes  are  put  into 
a  large  hollow  iron  cylinder,  which  is  mounted  horizon- 
tally and  turned  by  a  winch;  when  by  their  friction 
against  one  another,  and  against  the  sides  of  the  cyluider, 
they  are  rendered  perfccdy  round  and  very  smooth.  Tlie 
other  patent- sliot  is  cast  in  moulds,  in  the  same  vmy  as 
bullets  are. 

Common  Small  Sbotj  or  that  used  for  fowling,  should 
be  well  sized ;  for,  should  it  be  too  great,  then  it  fiies  thin 
and  scatters  too  much ;  or  if  too  small,  then  it  has  not 
weight  and  strength  to  penetrate  far,  and  the  bird  is  apt  to 
fly  away  with  it.  In  order,  therefore,  to  have  it  suitable 
to  the  occasion,  it  not  being  always  to  be  had  in  every 
place  fit  for  the  purpose,  we  shall  set  down  tlie  true  method 
of  making  all  sorts  and  sizes  under  the  name  of  mould- 
shot,  formerly  made  after  the  following  process : 

Take  any  quantity  of  lead  you  think  (it,  and  melt  it  down 
in  an  iron  vessel :  and  as  it  melts  keep  it  stirring  widi  an 
irm  ladle,  skimming  off  all  impurities  whatsoever  that 
may  arise  at  top ;  when  it  begins  to  look  of  a  greenish 
colour,  strew  on  it  as  much auripigmentum  or  jellow  or- 
piment,  finely  powdered,  as  will  lie  on  a  shilling,  to  every 
twelve  or  fourteen  pounds  of  lead ;  tlien  stirring  them  to- 
gether, the  orpiment  will  flame.  The  ladle  should  have 
a  notch  on  one  side  of  the  brim,  for  more  easily  pouring 
out  the  lead ;  the  ladle  must  remain  in  the  melted  lead, 
that  its  heat  may  be  the  same  with  that  of  the  lead,  to  pre- 
vent inconveniences  which  othenvise  might  happen  by  its 
being  either  too  hot  or  too  cold ;  then,  to  try  your  lead, 
drqi  a  litde  of  it  into  water,  and  if  the  drops  prove  round, 
then  the  lead  is  of  a  proper  heat ;  if  otherwise,  and  the 
shot  have  tails,  tlien  add  more  orpiment  to  increase  the 
heat,  till  it  is  found  sufficient. 
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Then  take  a  pbte  of  copper,  about  thesize  of  atrendi* 
er,  which  must  be  made  with  a  hoUowness  in  the  middky 
about  three  inches  compass,  within  which  must  be  bond 
about  40  holes  acc(xxling  to  the  size  of  the  shot  which  yoo 
intend  to  cast :  the  hollow  bottom  should  be  thin ;  biit 
the  thicker  the  brim,  the  better  it  will  retain  the  heat. 
Place  thb  plate  on  a  frame  of  iron,  over  a  tube  or  vesMi 
of  water,  about  four  inches  from  the  water,  and  sprad 
bunung  coals  on  the  plate,  to  keep  the  lead  melted  upon 
it ;  then  take  some  lead  and  pour  it  gently  on  thecoaboo 
the  plate,  and  it  will  make  its  way  through  the  botes  into 
the  water,  and  form  itself  into  shot ;  do  thus  tiU  all  your 
lead  is  run  through  the  holes  of  the  plate,  taking  care,  by 
keeping  your  co^ls  alive,  that  the  lead  does  not  cool,  and 
80  stop  up  the  holes. 

While  you  are  casting  in  this  manner,  another  pemo 
i^th  another  ladle  may  catch  some  of  the  shot,  placiDg 
the  ladle  four  or  five  inches  underneath  the  plate  m  Ae 
water,  by  %vhich  means  you  vnH  see  if  they  are  defixfive^ 
and  rectify  them.  Your  chief  care  is  to  keep  the  kadia 
ajust  degree  of  heat,  that  it  shall  be  not  so  cold  as  to  atop 
up  the  hdes  in  your  plate,  nor  so  hot  as  to  cause  the  shot 
to  crack ;  to  remedy  the  heat,  you  must  refi^  woriung 
till  it  is  of  a  proper  coolpess;  and  to  remedy  the  coolness 
of  your  lead  and  plate,  you  must  blow  your  fire ;  observ- 
ing, that  the  cooler  your  lead  is,  the  larger  will  be  your 
shot ;  as,  the  hotter  it  is,  the  smaller  they  will  be. 

After  you  have  done  casting,  take  them  out  of  the  wa^ 
ter,  and  dry  them  over  the  fire  \iith  a  gentle  heat,  stirring 
them  continually  that  they  do  not  melt ;  when  dry,  yon 
are  to  separate  the  great  shot  from  the  smaU,  by  the  hdp 
of  a  ^eve  made  for  that  purpose,  according  to  their  sev^ 
ral  sizes.  But  those  who  would  have  very  large  shot, 
make  the  lead  trickle  with  a  stick  out  of  the  ladle  into  the 
water,  without  the  plate.    If  it  stq>s  cm  the  (date,  and  yet 
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is  not  too  cool,  give  but  the  plate  a  little  knock, 
U  run  again  ;  care  must  be  had  that  none  of  your 
nts  are  greasy,  oily,  or  the  like ;  and  when  the 
ng  separated,  are  found  too  large  or  too  small  f(Mr 
pose,  or  otherwise  imperfect,  they  will  serve  agdn 
Kt  operation. 

tin-case^  m  artillery,  is  formed  by  putting  a  great 
of  small  iron  shot  into  a  tin  cylindrical  box  call* 
lister,  that  just  fits  the  bore  of  the  gun.  Leaden 
ire  sometimes  used  in  the  same  manner ;  and  it 

observed,  that  whatever  number  or  sizes  of  the 
e  used,  they  must  weigh  with  their  cases  nearly 

as  the  shot  of  the  piece.    \Oreg.  Encyclo.  665. 

hmo  formed  into  shot.  Lead  is  employed  in 
able  quantities  in  the  casting  of  shot,  for  which  a 
ifas  granted  in  1 ;  82,  to  Mr.  William  Watts,  in 
!nce  of  h'ls  invention  for  granulating  lead,  solid 
xit,  without  those  imperfections  which  other 
'  shot  usually  present  on  their  surface.  The  pa« 
irects  ^0  cwt.  of  soft  pig-lead  to  be  melted  in  an 
,  round  the  edge  of  which,  a  peck  of  coal-ashes 
strewed  upon  the  surface  of  the  metal,  so  as  to 
:  middle  of  the  latter  exposed.  Forty  pounds  of 
ire  next  to  be  added  to  the  uncovered  lead,  and  the 
dy  shut ;  the  edges  of  the  lid  being  carefully  luted 
ortar,  clay,  or  other  cement,  in  order  to  prevent  the 
tion  of  the  arsenic.  A  brisk  fire  is  then  kindled, 
he  two  substances  may  be  properly  incorporated ; 
be  metal  ought  to  be  skimmed  and  laded  into 
»  that  it  may  cool  in  the  form  of  ingots  or  bars, 
when  cold,  are  called  dag^  or  poisoned  metal--^ 
x£sd£t  p^-lead,  (according  to  the  quantity  of  shot 
I  to  be  manufiK^tured)  are  next  to  be  melted  in  the 
above  directed ;  and,  when  it  b  comptetely  liquet 
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fied,oneofthe  ingots  or  bars  of  slag  must  be  added:  as 
soon  as  the  whole  is  combined,  a  small  quantity  of  the  li- 
quid metal  is  to  be  taken  out  with  a  ladle,  and  dropped 
from  a  height  of  about  two  feet  into  tlie  water.  If  the 
shot  be  not  perfectly  round,  it  will  be  necessary  to  add 
more  slag,  till  it  drops  in  a  globular  form.  The  metal  is 
next  skimmed,  and  the  scum  poured  into  an  iron  or  cop- 
per frame  i^erforated  with  round  holes,  according  to  the 
size  of  the  shot  designed ;  the  scum  is  then  to  be  squeez- 
ed while  soft,  through  tlie  frame,  into  which  the  liquid 
should  be  poured,  and  dropped  through  the  holes.  For 
the  smallest  shot,  the  frame  must  be  at  least  ten  feet  above 
tlie  uatcr,  and  for  the  largest,  about  150  feet ;  the hdgfat 
being  increased  or  diminished,  in  proportion  to  the  sdze 
of  the  shot,  [1  Art.  Man. 

S/iot  Mmitifactories  have  lately  been  established  or  re- 
vived, and  appear  to  promise  to  supersede  the  importatioa 
of  English  shot.  They  are  manufactured  principally 
r  fi-om  Lead  found  in  Louisiana,  and  shipped  fix>m  Nev- 
Orleans. 

Patent  shot,  as  Dr.  Black  has  informed  us,  are  manu- 
fdctured  in  England  as  follows  : 

A  little  orpiment  or  arsenic  is  added  to  tlie  lead,  which 
disposes  it  to  run  into  spherical  drops  much  more  rapid- 
ly than  it  would  do  wlien  pure.  The  melted  lead  is  pour- 
ed into  a  cylinder,  whose  circumference  is  pierced  with 
holes.  The  lead  streaming  through  the  holes  soon  divides 
into  drops,  which  fall  into  water,  where  they  coi^;eaL 
The}''  are  far  from  being  all  spherical,  many  being  shaped 
like  pears,  and  must  be  picked.  This  is  done  by  a  very 
ingenious  contrivance.  The  whole  is  sifted  on  the  ixpf^ 
aid  of  a  long,  smooth,  inclined  plane,  and  the  grains  roD 
down  to  the  lower  end.  But  die  jiear-like  shape  of  the 
^  bad  grains  makes  tliem  roll  down  irregularly,  and  they 
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iraddle  as  it  were,  to  a  side ;  while  the  round  ones  run 
straight  down.  They  are  received  into  a  sort  of  funnel, 
^tch  extends  from  the  one  side  of  the  inclined  plane  to 
ht  other,  and  is  divided  by  sevenil  partitions,  so  that  it 
is  really  die  mouth  of  several  funnels,  which  lead  to  dif- 
ferent boxes.  Those  in  the  middle  receive  the  round 
prains.  [2  Art.  Man. 

The  shot  when  made,  is  separated  into  sizes  by  me;uis 
if  sieves,  whose  wii'cs  are  set  acceding  to  the  different  sizes 
cquired.  The  shot  is  glazed  by  putting  tliem  into  a 
>arrel  and  tuniing  it  round,  till  by  the  friction  and  attrition 
Jigr  become  perfectly  round,  smooth  and  shining. 

I  believe  in  this  country,  tlie  proportion  of  arsenic  is 
[learly  as  follows.  About  7  lb.  of  arsenic  is  first  added 
to  about  five  hundred  weight  of  the  metal.  Then  of  this 
Dlixture,  so  much  is  taken  to  add  to  the  fresh  lead,  as  will 
Biftke  tlie  proportion  of  arsenic  about  2  1-2  or  3  lbs.  to 
dbe  ton.  Of  this  about  one  half  a  pound  ^\  ill  evaporate. 
Compare  this  with  the  English  patent  proportions  above 
given. 

In  the  Louisiana  countrv,  shot  manufactories  are  estab- 
fished,  where  die  shot  is  made  by  letting  the  lead  fall  from 
die  top  to  the  bottom  of  tlic  bank  of  the  Mississippi,  at 
low  water :  so  that  the  enormous  expence  of  such  a  build- 
ing as  that  in  Philadelphia,  is  saved.  T.  C. 

To  ascertain  the  quantity  of  whiting  m  white  lead. 

Take  a  specimen  of  flake  white  which  is  generally  pure 
ivhitelead,  an  ounce  for  instance :  mix  it  with  twice  its 
bulk  of  lamp-black,  or  with  oil,  oc  with  rosin :  fuse  it, 
md  the  instant  it  is  fused,  take  it  off*  the  fire,  let  it  cool 
and  weigh  it.  You  may  fuse  it  in  a  small  crucible  or 
even  in  a  tobacco-pipe,  stopping  the  hole  inside  with  a 
small  piece  of  the  tobacco-pipe.  Then  treat  in  like  man- 
ner the  lead  you  wish  to  try  :  The  difference  in  weight 
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Vila  be  the  adulteration.  This  proce^  may  be  checked 
thus.  Take  the  scoria  of  the  last  mentioned  fusion ;  dk* 
solve  it  in  muriatic  acid  or  nitric  acid  :  filter  it :  pre<^ 
tate  it  by  carbonat  of  potash  (a  solution  of  pearl  ash) : 
wash  and  dry  the  precipitate,  which  will  be  a  carbonat  of 
lime,  or  whiting.  The  weight  gives  the  quanti^  of 
whiting  wherewith  the  lead  was  mixed. 

Or,  dissolve  tl>e  lead  you  suspect  in  nitric  acid ;  preci- 
pitate by  well  made,  saturated,  prusdat  of  potash,  or  pitis- 
siat  of  lime.  The  prussic  acid  will  throw  down  the  iead 
only.  Thb  may  be  washed,  and  melted  with  any  re- 
ducing flux.  If  prussiat  of  potash  be  used,  precipittt 
Ae  remaining  solution  by  carbonat  of  potash,  wfaidi  nA 
throw  down  the  carbonat  of  lime,  which  being  waabedf 
dried  and  weighed,  will  give  the  weight  of  the  adultera- 
tioiu 

Or,  dissolve  the  lead  suspected  in  nitric  acid :  preci- 
pitate with  a  solution  of  sulphuret  of  lime.  This  wiB 
dirow  down  only  the  lead. 

Or,  dissolve  in  nitric  acid ;  and  precipitate  with  chro- 
mat  of  pot-asb|  which  will  not  decompose  nitrat  of  lime. 

Chromat  of  Lead.  This  beautiful  colour  may  be  mad& 
thus. 

In  the  vicinity  of  Baltimore  and  Philadelphia,  the  Gcfe* 
nite  and  the  Gneiss  of  the  primitive  strata,  are  succeeded 
by  Steatite  and  Amphibole  :  these  two  last  apfK^ar  to  be 
somewhat  intermingled  (but  not  in  the  same  stone) :  to 
these  as  a  stratum,  succeeds  the  granular  or  crystallised 
primitive  limestone,  which,  near  Pluladdphia,  is  the  mar* 
ble  of  White  Marsli.  Between  the  limestone  and  the  steau 
tite,  but  enveloped  in  steatite,  in  Chester  county  about 
twelve  miles  from  Philadelphia,  and  at  the  Bare  hiUs  about 
nine  miles  from  Baltimore,  is  found  a  chromated  iron. 
When  this  pounded  fine,  and  treated  for  an  hour  in  a 
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Strang  red  heat  with  three  fourths  of  its  wei^t  of  clean 
pure  nitrCy  the  nitric  acid  is  decomposed,  the  chrome  is 
aci^ed,and  then  combines  with  the  alkaline  base  of  the 
nitre,  forming  a  chromat  of  potash.  To  obtain  this  pure, 
the  solution  must  be  repeatedly  crystallized  to  get  rid 
of  a  small  portion  of  iron,  which  will  gradually  fall  down 
in  an  oxyd ;  the  other  impurities,  such  as  the  earths  that 
might  have  been  taken  up  in  small  quantities,  will  also 
fidl  down.  The  solution  after  two  or  three  crystalliza- 
tibiis  will  then  contain  nothing  but  chromat  of  potash,  to- 
gether with  a  small  quantity  of  nitric,  or  uncombined 
alkali ;  this  can  be  ascertained  by  an  intermixture  of  white 
with  the  yellow  precipitate  of  lead ;  and  can  be  obviated 
by  a  small  quantity  of  nitric  acid.  When  the  chromat  of 
potash  is  concentrated,  and  added  to  a  solution  of  nitrat 
or  even  acetat  of  lead,  (which  need  not  be  religiously  satu- 
rated  with  metal)  a  yellow  precipitate  will  fall  down, 
which  is  the  yellow  chromat  of  lead.  The  chromat  of 
potash  wiHl  throw  down  nitrat  of  mercury  a  deep  orange 
colour. 

Naples  Yellow.  This  ought  to  be  a  natural  production 
found  near  Naples ;  a  kind  of  lava,  unchangeable  by  fire 
and  by  acids.  The  artificial  kind  is  thus  made.  Take 
12  ounces  of  pure  white  lead,  and  2  ounces  of  washed 
calx  of  antimony ;  the  common  diaphoretic  antimony  of 
the  shops ;  half  an  ounce  of  calcined  Roman  alum,  which 
IS  generally  free  fi-om  any  admixture  of  iron,  ^d  one 
ounce  of  sal  ammoniac.  Pound  them  well  together,  and 
put  them  in  an  earthen  crucible  with  a  cover*  Ke^ 
diem  m  a  low  red  heat  for  three  hours.  If  you  yfnX^  the 
mixture  more  of  a  gold  colour,  add  a  quarter  of  ^  tfUnce 
more  d[  antimony,  ao^.^  much  sal  ammoniac.  Do  pot  let 
msf  iron  touch  this  odour* 
Vol.  hi.  L  1 
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For  patents  relating  to  white  lead  see  BepertcMy  of  Arts, 
Old  Series,  vol.  3.  p.  225,  vol.  5.  p.  249,  vol.  8.  p.  S78, 
vol.  11-  p.  38.  New  Scries,  vol-  6.  p.  169,  vol-  7.  p,  399- 
For  the  manu&cture  of  sheet  lead,  see  Repertory  of  Aits, 
New  Series,  vol.  L  p.  133.  For  refining  kad,  lb.  New 
Series,  vol.  2.  p.  72,  vd.  4.  p.  194»  T.  C. 


MORTAR. 

On  the  Cement  used  in  buildings  called  Mortar.    (By  the 
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Having  finished  the  article  Bricks,  I  proceed  to  that  of 
mortar. 

Limestone,  when  subjected  to  cliemical  experiment,  is 
found  to  Qont^  from  43  to  44  per  cent,  of  carbonic  acid 
gas,  formerly  called  fixed  zir.  It  contains  also  a  small 
quantity  of  %vater.  When  pure  limestone  is  burnt  in  a 
Ume-kUn  in  the  best  manner,  one  ton,  or  twenty  hundred 
weight  of  1121b.  to  the  hundred  weight,  will  }ield,  about 
11  1-4  hundred  weight  of  good  lime.  The  loss  is,  partly 
water ;  but  chiefly  carbonic  acid  gas.     (Watson.) 

A  bushel  of  chalk  will  weigh  86  1-2  lb.  A  bushd  of 
lime  made  from  that  chalk  weighed  when  vrdxm  from  the 
kiln,  66  1-4  lb.  which  is  greatly  too  much :  for  a  ton  of  the 
same  chalk  when  well  burnt,  produced  but  1 1  cwt.  1  qr. 
19  Ibr^  of  lime.  If  burnt  in  the  best  manner,  it  ought  not 
to  produce  more  than  11  cwt.  of  lime.  lb. 

A  hard  limestone  from  Lancashire  weighed  184  lb.  to 
the  bushel,  up-heaped<  At  Clitfaeroe  in  Lancashire  the 
limestone  up^heaped,  weighs  147  lb.  to  the  bushd.  If 
the  produce  be  more  than  11  hundred  weight  or  there* 
about  firom  die  ton,  either  the  limestone  is  impure,  or  tbc 
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[Himing  is  deficient,  in  fuel  oc  in  time.  The  burning 
3Ught  to  continue  in  a  strong  red,  approaching  to  &  white 
heat  for  at  least  ten  hours. 

Lime  exposed  to  the  air  for  about  twenty  days  will  bd 
reconverted  into  limestone^  and  become  perfectly  iiselesd 
IS  a  cement.  Dr.  Watsoh  converted  into  lime  540  grains 
sf  statuary  marble  :  the  lime  weighed  304  grains :  £rom 
[fae  10th  of  February  to  die  4di  of  March,  it  had  gained 
id  much  in  weight,  that  it  weighed  515  grains.  Dr.  Hig- 
^is  exposed  21b.  of  well  burnt,  non-effervescent  chalk 
lime,  to  the  air  for  522  days ;  at  which  time  it  weighed 
3  lb.  2  ounces  isA  1  drachm  and  a  half.  The  greatest 
propordon  of  this  accession  of  weight,  is  gained  in  the 
Srst  4  cor  5  da)^. 

Tlus  encrease  of  weight  is  owing  to  1st  carbonic:  atlid 
gas  imbibed  from  the  atmosphere :  2d.  in  snullkr  pro- 
pdrdon,  to  water  imbibed  from  the  atmosphere.  These 
Babstances  thus  imbibed,  reconvert  the  lime  into  lime<^ 
stone.  So  that  mortar  made  lix)m  such  lime,  might  as 
«9dl  be  made  from  powdered  limestone.  It  is  no  cetneht : 
it  produces  no  cohesion. 

The  deeper  and  more  circular,  is  the  heap  of  lime,  the 
better  is  the  inner  part  protected  from  the  bad  effects  of 
the  atmosphere.  The  external  surface  is  spoiled  fir^t. 
If  the  lime  be  slacked,  and  made  into  a  paste  with  lime- 
water^  (water  wherein  some  lime  has  been  previously 
dadiced)  and  protected  by  boards,  on  all  sides  and  oh  die. 
bop^  it  may  be  kept  for  a  longtime  tolerably  welL  Or  if 
dacked  mto  powder  immediately  on  being  brougU  fitnti 
die  kiln^  and  made  up  into  a  compact  heap. 

If  lime  from  the  kiln  effervesces,  or  ^ves  out  w*  (cur* 
bodic  acid  gas)  oh  being  dissolved  in  muriatic  or  nitric 
acidy  it  is  ill-bumt  in  proportion  exacdy  to  the  quantity  of 
tfaisl  air  which  it  yields. 
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Lime  ought  to  be  brought  from  the  kiln,  in  a  cart  co* 
vered  with  boards. 

It  ought  not  to  be  brought  in  rainy  weather*  I  have 
twice  or  thrice  seen  carts  set  on  fire  by  this  means.  It 
ought  to  be  kept  in  a  dry  place,  with  the  precautions  b^ 
fore  mentioned.  The  neat  rule  b,  expose  it  to  tlie  sur  as 
little  as  possible. 

When  the  limestone  is  so  good,  and  the  burning  is  ao 
complete,  that  twenty  parts  of  limestone  is  fairly  burnt 
intoekven  partsof  lime,  which  it  can  be  and  ought  to  be — 
then  wiU  such  lime,  used  as  recently  as  possible,  itquiEC 
seven  partsof  sand  to  one  of  lime,  to  make  the  best  mortar. 
It  will  require  less  sand  in  propcnrtion  as  it  is  badlf 
burnt,  or  by  negligent  exposure  reconverted  into  limestoiKi 

Nothing  is  required,  to  make  the  best  mortar  for  build- 
ing, but  good  lime  and  good  sand. 

No  sand  isgood  that  contams  any  clay.  It  should  fat 
washed  out 

No  sand  is  good,  that  isrounded  by  attrition. 

The  best  sand  b  quartzose,  having  flat  sides  and  an- 
gles. 

The  best  mixture  of  such  sand,  is  half  somewhat  coarse^ 
half  fine :  not  too  fine,  for  ground  or  powdered  quarts, 
or  ffint  may  do  for  stucco,  but  not  for  mortar :  die  flat 
ddes  and  angles  are  destroyed  by  the  pulverizatioQ. 

The  theory  <^  mortar  appears  to  me  to  be  this.  Water 
is  added,  to  enable  the  lime  to  crystallize,  and  to  attract 
carbonic  acid  firom  the  atmosphere.  This  is  done  gradu- 
ally. If  left  quietly  and  undisturbed,  to  regain  tfab  gaa 
firom  the  atmosphere,  the  mortar  crystallizes  into  lime- 
stone, and  unites  by  the  attraction  of  crystallization  to 
the  sides  of  the  quartzose  sand,  best  calculated  to  affiid 
the  strongest  union  or  adhesion.  The  attraction  is  three- 
fold, 1st.  that  of  cr}'stalUzation :  2d.  that  of  chemical  or 
elective  attraction  in  the  mcust  way ;  and  3d.  tlie  com* 
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mon  attraction  of  aggregation  or  cohesion.  I  conceive 
each  of  these  to  be  distinct. 

Hence  it  is  essential  to  good  mcHtar,  1st.  that  the  lime 
be  burnt  so  as  to  reduce  twenty  parts  by  weight  to  eleven 
parts.  2d.  That  it  be  used  as  quickly  as  possible.  Sd« 
TThat  if  it  cannot  be  used  quickly,  it  should  be  packed  up 
when  slacked  in  tlie  smallest  possible  compass,  and  cover- 
ed from  the  contact  of  successive  changes  of  air.  4th* 
That  to  finesh  lime,  seven  parts  of  sand  are  not  too  much : 
Mme  half  burnt  will  not  cement  more  than  three  parts. 
Hence  the  threefold  extravagance  of  not  using  lime  in  a 
proper  state :  the  lime  is  wasted :  the  weight  of  carriage 
is  increased  by  hauling  limestone  instead  of  lime :  and 
more  lime  is  required  to  the  same  quantity  of  sand. 

Though  not  essential  to  good  building,  it  is  very  nearly 
80,  that  the  brick  (always  supposed  to  be  well  burnt) 
should  be  dipt  in  lime  water  the  instant  befisre  it  is  laid. 
The  dust  on  a  dry  brick  effectually  prevents  the  adhesion 
of  the  mortar  ;  and  the  brick  also  absorbs  so  much  of  the 
moisture  of  the  mortar,  that  enough  is  not  left  to  enable  it 
perfectly  to  crystallize.  Immersing  the  brick  in  lime 
water,  makes  it  also  less  liable  to  imbibe  moisture.  It 
fbnns  an  impregnation  of  limestone. 

When  the  lime  is  good,  no  addition  of  skimmed  milk, 
animal  gelly,  oil,  or  resinous  substances,  or  any  other, 
contributes  to  the  goodness  of  the  mortar :  good  lime, 
good  sand,  are  the  only  n^quisites. 

The  putting  beams  and  rafters,  or  any  other  method  of 
shakily  the  wall,  and  greatly  disturbing  the  crystalliza- 
tion of  the  mortar  while  damp,  injures  its  power  as  a  ce- 
ment. 

In  countiies  where  limestone  and  fuel  are  plenty,  and 
labour  cheap,  the  ancient  method  of  building  walls  by 
grwiuigy  may  be  eligible.    It  is  this : 
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The  foundatbn  being  dug  out  the  required  widdi  in 
proportion  to  the  thickness  of  the  wall,  a  strong  frame  of 
boards  was  placed  on  each  side*  The  space  between  the 
boards  filled  up  with  any  kind  of  stone  most  convement 
and  at  hand,  thrown  in  promiscuously.  The  interstices 
of  lai^  stones,  were  rou^ly  filled  in  with  smaller  ones* 
Mortar  made  from  fresh  burnt  lime  and  fine  sand,  beiq; 
made  into  a  paste  sufficiently  thin  to  be  poured,  was  pour- 
ed in  upon  the  loose  stones,  and  thus  filled  up  every  crack 
and  crevice.  In  a  few  hours,  the  boards  were  moved 
forward  to  form  a  caisson  for  anotlier  part  of  the  ivall, 
and  the  joints  of  tlie  stones  where  the  grouting  had  ex- 
uded, were  trimmed  off.  Many  of  the  strongest  and 
most  durable  of  the  very  old  buildings  in  England^  woe 
manifestly  so  constructed. 

Where  work  is  intended  to  be  solid  and  substantial, 
grouting  at  every  course  is  indispensable.  It  is  indis- 
pensable also  in  all  arch  work  :  in  England  it  is  never 
omitted  in  arches.  It  never  ought  to  be  omitted  in  such. 
cases,  or  in  cut  groin- work. 

Brickwork  in  cellar  walls,  or  cellar  arches,  never  drks 
if  the  mcHtar  be  not  good,  and  used  fresh,  before  it  has 
become  effete. 

All  diese  remarks  are  still  more  essential  in  the  build- 
ing of  public  works,  as  fortifications,  than  in  private  dwd- 
lings.    By  attending  to  diese  directions,  a  wall  of  equal 
thickness  will  have  more  dian  double  the  strength  it  usu- 
ally has,  built  in  a  common  way  :  and  the  mortar  or  ce- . 
ment,  moreover,  will  harden  incomparably  sooner.     Wa- 
ter used  to  make  a  paste  of  pounded  limestone  (common 
mortar)  and  sand,  can  only  be  gotten  rid  of,  firom  tie 
middle  of  a  thick  wall  by  the  slow  evaporation  of  many 
years  :  but  if  the  lime  be  really  lime,  and  well  and  recent- 
ly burnt,  all  the  water  even  of  grouting,  b  rapidly  con- 
sumcd  as  water  of  cr)'stallization. 
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For  SiuccOf  ixme  ashes  well  burnt  and  sifted,  in  ttkc 
sroportion  of  from  one  half  to  one  fourth  of  the  lime,  is^ 
an  addition  useful  to  prevent  the  cement  from  cracking;, 
mthwt  impairbig  its  other  good  qualities ;  and  this.  ^vbe«- 
ther  for  insidn^  or  outside  work*  For  tlie  latter  the  pro* 
portion  ouglit  not  to  be  of  bone  ashes  more  than  one 
fourth. 

The  method  of  making  bone  ashes  is  as  follows  :  I  take 
E|  from  page  172  of  Higgins  on  Cements. 

^'  I  will  premise  a  sketch  of  the  most  profitable  pro- 
oeases  by  whi^h  they  are  prepared,  at  a  moderate  price 
DOfe  much,  exceeding  that  of  good  stone  lime. 

The  bones  collected  in  great  cities,  are  broken  to  small 
Bvigments  in  a  mill,  and  boiled  in  water,  in  order  to 
^tricate  and  save  the  oil  of  them.  They  are  then  put 
UtQ.a  lai^  iron  still,  through  an  £q)erture  winch  is  stop^ 
p^  up  closely  after  tlie  charge  is  made.  The  still, 
trtuch  opens  into  an  app^uratus  of  refrigeratory  vessels, 
b  heated  gradually  to  redness,  imtil  all  the  volatile  alkali, 
commonly  called  spirit  and  sah  of  hartshorn,  is  expelled 
from  them,  together  with  empyreumatic  oil,  water,  and 
certain  elastic  invisible  fluids :  the  alkali,  being  the  only 
Viduabte  article  amongst  these,  is  retained  and  condensed 
b  the  refrigerator}'  tubes  and  vessels  with  all  possible  care, 
whilst  the  ebstic  fluids,  lest  they  should  burst  the  vessels, 
ire  suffered  to  escape  in  places  distant  from  the  fire  or  the 
fame  of  candles,  because  they  are  combustible,  and  if 
tbqr.  catch  fire  wliilst  air  remains  in  die  condensing  vcs- 
aeb^  explode  liki:^  gunpowder. 

The  bones  thus  heated  widiout  being  exposed  to  the 
as,  are  charred  to  blackness,  but  still  remain  combusd- 
Ue.  When  they  are  required  in  this  state,  the  iron  stiH 
is  kept  closed  until  they  cool,  and  then  the  blackest  of 
them  are  ground  to  fine  powder,  which  ii^  used  as  a  sub- 
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stitute  for  ivory  Uack,  which  is  prepared  in  the  same^ 
from  ivory.  The  coarser  powder  <^  these,  is  what  I  im-  I 
derstand  by  powder  of  charred  bones.  But  when  dus  is  i 
not  the  manufacturer's  design,  the  door  of  the  iron  sdU 
is  opened  whilst  it  is  hot,  and  the  charred  bones  which 
flame  and  bum  when  they  meet  the  air,  are  thrown  into 
a  kind  of  kiki,  at  tlie  bottom  of  which  the  air  can  fined^ 
enter,  and  maintam  the  combustion,  until  the  bcHies  are 
burned  to  whiteness,  for  the  greater  part.  The  white 
fragments  are  picked,  and  rather  bruised,  than  ground, 
to  a  gritty  powder,  by  a  millstone  which  rolls  on  ftem 
vertically  over  an  inclined  circular  plane.  This  powder 
passed  tiirough  a  sieve  is  called  bone-ashes,  wluch  oc  \ 
much  used  in  metallurgy,  and  fitter  for  our  purposes  io 
incrustations,  than  the  powder  of  burned  bones  ground 
as  pigments  are.  The  fragments  which  have  not  been 
thoroughly  burned  in  the  kiln,  form  a  dark  grey  powder; 
and  mixtures  of  the  white  and  grey  burned  bones  afbcd 
bone-ashes  of  the  lighter  grey  colours. 

The  whole  quantity  of  bone-ashes,  which  b  to  be  used 
in  the  same  incrustation,  ought  to  be  well  mixed ;  for  it 
is  impossible  to  sort  the  well  burned  or  the  grey  bones  so 
accurately  as  to  secure  an  unity  of  colour  in  the  parcels  of 
powder  which  are  successively  prepared,  and  a  very  smaH 
variation  of  colour  will  be  seen  in  the  incrustation.'' 

JFater  Cement^  is  made  on  the  continent  by  mixing 
with  good  mortar,  the  ocliry  earth  Puzzuolana,  or  a  sinu^ 
lar  earth  called  Traas  or  Terras  in  England*,  where  it  is 
imported  from  Holland.  It  is  mixed  accurately  wiA 
the  mortar  in  proportion  of  about  one  third  or  one  fbordi 
of  the  lime.  It  is  obvious  that  if  precautions  are  neces- 
sary in  any  case  to  secure  good  and  perfixt  lime,  fh^ 
will  be  necessary  in  the  case  of  water  cement. 
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I  believe  that  Ae  same  proportion  of  almost  any  ozyd 
iron,  or  of  manganese,  or  even  of  Ae  common  smithy- 
ick  of  a  blacksmith's  shop,  well  sifted,  will  answer  die 
rae  purpose.  So  will  Basalt,  burnt  and  ground. 
Loriot's  patent  for  water  cement,  consists  alone  in 
:  mixing  of  ground  fresh  burnt  lime  with  common 
artar,  which  is  manifesdy  imperfect  and  unscientific ; 
smuch  as  old  effete  mortar,  can  never  be  equal  to  fine 
aldose  sand. 

Higgins's  patent  stucco,  is  fresh,  well-burnt  lime  one 
rt ;  sand  half  fine,  and  half  rather  coarser,  well  washed 
im  dirt  and  day,  six  or  seven  parts ;  I  think  six  parts 
sL  Bone-ashes  ground  tolerably  fine,  eqdal  to  one 
nth  of  die  lime.  The  water  used  must  be  lime  water, 
ir  inside  work  the  bone-ash  may  be  in  proportion  of  a 
iid  of  the  lime. 

Johnson's  patent  stucco,  was  characterized  merely  by 
admixture  of  blood  with  thie  i?v^ter  used  to  nnake  up 
t  cement. 

I  regard  Higgins's  as  the  best.  I  have  seen  them,  all 
idi  fresh  used,  and  many  years  afterward.    T.  C. 


PERKIN'S  IMPROVEMENT  ON  WATER  MILLS. 

WITH    A    PLAT?:. 

THE  subscriber  has  recently  obtained  a  patent  for  aa  im- 
yvemcntin  watcr-milis,  which,  from  actual  experience,  has  been 
indto  be  of  great  importance;  it  consists  in  the  complete  re- 
ival  of  all  the  inconveniences  heretofore  experienced  from  back 
tcr. 

It  18  a  well  known  fact,  that  in  most  situations  it  has  been  found 
ccssary  to  place  water-wheels  from  one  to  three  feet  higher 
ui  they  wQuM  be,  were  it  not  requisite  to  avoid  the  back  water, 
c»sioned  by  the   freshets  and  high  tides.    In  nearly  all  c!»e«> 
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there  is  a  serious  loss  of  power,  but  more  especially  so  where  it 
consists  of  a  few  feet  only.  The  patentee  has  satisfactorily  pror- 
cd,  that  with  a  head  and  fall  of  twelve  feet,  six  feet  of  back  water 
may  be  driven  away,  and  with  it,  all  the  water  which  has  been<x- 
pended  in  moving  the  wheel :  there  is  therefore,  no  exaggeratiou 
in  declaring,  that  taking  into  the  accouiit  the  time  that  many  mills 
are  stopped  by  back  water,  and  the  permanent  loss  of  power  from 
the  height  at  which  the  wheels  arc  hung  in  order  to  avoid  this 
difficulty ;  from  one  fifth  to  one  third  of  the  power  is  absolutely 
lost,  an  evil  which  is  completely  obviated  by  this  invendon. 

All  the  time  when  the  v.  heel  is  retarded  by  I '  ck  water,  a  large 
quantity  is  constantly  running  to  waste  ;  this  invcnuon  accom- 
plishes its  removal  by  the  application  of  a  portion  of  this  super- 
abundant water,  which  would  otherwise  run  over  the  dam. 

The  aboTC  section  will  shew  the  operation  of  this  principle  m 
removing  back  water.  The  constiuction  uf  the  fioom,  and  race- 
way, differs  from  the  common  form,  by  havuig  a  tight  tubey  Af 
running  from  the  bottom  of  the  floom,  as  at  D,  to  or  past  the  cen- 
tre of  the  bottom  of  the  wheel,  and  of  about  four  times  the  sice  of 
one  which  would  be  necessary  to  turn  the  wheel.  The  size  of  the 
tube  may  vary  according  to  tlie  back  water  common  to  the  mill. 
The  lower  end  of  the  main  tube.  A,  being  in  a  direct  line  to  that 
•f  the  horizontal  tube,  B,  will  direct  the  water  which  rushes  down 
the  foimer  through  the  latter,  and  at  the  same  time  overcome  the 
pressure  of  the  water  and  atmosphere  at  C,  so  that  the  atmos* 
phere  may  act  upon  the  back  water  which  had  collected  round  the 
bottom  of  the  wheel,  and  force  it  tlirough  the  tube,  B,  which 
being  one  third  larger  than  tube  A,  will  admit  enough  of  the  back 
water  at  the  opening,  F,  to  fill  the  tube  B,  and  thereby  in  a  few 
minutes^  to  entirely  remove  it  from  the  bottom  of  the  wheel ;  and 
the  water  which  has  been  expended  in  moving  the  wheel,  will  yM 
the  current  at  F,  and  pass  cfF  through  the  lube  B.  The  bulk-hcadi 
G,  must  rise  above  the  extrt me  height  of  the  back  water,  for  H 
there  is  ik)  other  passage  for  the  water  to  escape  fi-om  the  wheel: 
than  through  the  tube  B,  there  should  be  no  other  through  which, 
in  times  of  back  water,  il  can  pass  to  the  wheel.  When  the  freshet 
is  over,  and  the  water  lias  found  ils  lowest  level,  the  horizontal 
pate,  D,  should  be  shut,  and  tlic  water  which  carries  the  whcc! 
will  run  ofi'  ihiXJUiHi  the  tube  B. 

o 

This  method  of  removing  back  water,  will  not  apply  to  titc 
mills,  except  where  there  is  a  grc«t  smplus of  water ;  in  thatcabC- 
by  adopting  this  plat\,U\e  will  may  be  made  to  go  sooner  and  later 
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oUicTM-iae  tiould.  Whore  llie  tide  rises  tt  the  tail  of  a 
mill,  this  principle  may  be  applied  to  great  adrainagc, 
■wheel  in  many  situations,  may  be  set  two  oi-  three  feet  low- 
it  commonly  is,  and  iiy  driving  off  the  back  water  occ«- 
led  by  the  tide,  llic  cxti'a  power  whicli  is  ^ncd  by  increaang 
tliB  fd],  will  be  much  more  tluti  the  loss  of  the  water  expended 
jn  drawbg  off  the  back  water  at  high  tide. 

"""  Cumm mutations  upon  theaubjecl  of  this  improvemeol  will  he 
gWtefully  received,  and  immediately  noticed  by  the  subscriber, 
DM.patcntec,  of  NewLuTport,  Massachusetts,  or  by  Dr.  Thomas 
P*  JcKiM,  PhiLidclphia. 

JACOD  PERKINS. 


STEAM  ENGINE  BOILER, 


icrim  engines  arc  becoming  much  in  use  throug] 
!  Slates,  every  thin^  that  will  tend  to  their  improve- 
,.:i|j,  or  in  saving  of  fuel,  ouRht  In  be  made  ptibltc. 
Liiis  View  I  have  taken  the  liberty  of  making  a  rougii  sketch 
of  the  boilers  which  hns  been  in  use  upwiirds  of  ten  years 
water  works  in  Philadelphia,  for  your  inspection.  After 
[fcircry  attention  in  aaccruining  the  effect  of  three  different 
'boilers  in  that  work,  for  several  years,  I  am  fully  persuaded, 
lar  exceeds  any  boiler  now  in  use  at  the  water  works,  or  any 
ich  has  come  under  my  notice,  both  in  saving  fuel  and 
with  which  the  steam  can  be  kept  up.  This  boiler  Is, 
has  been,  defective,  by  its  having  a  wooden  case, 
tt  be  kept  sufficiently  tight ;  audi  witli  this  great  defect* 
not  bum  so  much  fuel  as  the  others  with  cast  iron  cases, 
have  the  fire  under  their  bottoms,  with  flues  passing  througlx 
them.  The  present  drawing  contemplates  a  cast  iron 
ich  wculd  be  durable,  and,  no  doubt,  la5l  fifty  or  sixty 
itisnot  exposed  to  the  heat  of  the  fire.  Jliiarvrr,  an 
May  it  madf  lo  its  cxft£}iaf,  1  am  well  persuaded  that  if 
who  have  engines  built,  knew  the  vJue  of  a  boiler  of  this 
fl  per  cent,  advance  in  the  first  cost  would  be  no  object  lo 
them,  as  ihcy  would  save  far  more  than  tlie  difference  long  before 
the  boiler  would  be  worn  ou;. 
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With  a  view  that  the  plan  of  this  boiler  should  be  submitted  to 
the  citizens  of  the  United  States  who  wish  to  embark  in  steam 
engine  machinery,  I  hand  it  to  you  to  decide  whether  it  is  worth  a 
place  in  your  work  now  publishing  or  not. 

With  great  respect, 

FREDERICK  GRAFF, 
Sufterintendant  qfthe  Phiiadelflhia  water  works. 

Thomas  Cooper,  Esq. 

The  plan  is  drawn  to  a  quarter  of  an  inch  to  the  foot. 

The  perpendicular  heater  A,  may  be  raised  in  size  and  situa- 
tion to  suit  the  idea  of  the  builder. 

The  dotted  lines  in  plan  B,  represents  the  flues  C,  above  the 
fire  bed,  and  which  pass  out  of  the  boiler  into  the  stacks  at  the 
mouth  of  which  the  damper  is  fixed. 

D,  the  fire  grates. 

£,  the  door  way,  which  can  be  so  arranged,  if  required,  to  con- 
sume the  smoke  bylowering  the  fire  bars  or  gimtes. 

F,  the  water  line  six  inches  above  the  fiuc. 

G,  a  section  through  the  fire  place,  showing  the  front  range  of 
perpendicular  heaters  and  the  horizontal  flues  above,  with  cool 
Ifrate  and  ash  pit. 


STATISTICS.    By  tue  editor. 

Eight  graiil  gallons  of  268,8  cubic  inches  to  the  gallon  make 
one  Winchester  bushel  of  grain  ;  struck,  that  is  even  with  tlie  sur* 
face.  The  bushel  ought  to  contain  2 1 50,42  cubic  inches :  it  ought 
to  be  ]  8,5  inches  diameter  thi^ughout  and  eight  inches  deep.  la 
England  it  is  well  settled  as  an  in(fictable  offence  to  buy  or  sell  by 
any  other  bushel :  I  strongly  incline  to  think,  that  it  is  indictable 
to  buy  or  sell  by  any  other  bushel,  here  also:  for  I  know  of  no 
other  legal  bushel. 

Retailers  in  this  country,  generally  sell  every  commodity  what- 
ever by  the  wine  gallon  of  231  cubic  inches,  without  regard  to  the 
measure  by  which  they  purchase.  Malt  liquor  is  sold  in  England 
by  the  ale  gallon  of  282  cubic  inches,  being  to  the  wine  gallon,  as 
one  Douhd  avoirdupois  is  to  one  pound  troy.    It  is  high  time  V6 
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Ad  a  common  sttndard  of  weight  and  measure  in  tliis  country. 
The  want  of  it  is  a  sad  reflection  on  our  want  of  knowledge. 

The  peck  loaf  of  England  must  weigh  17  lb.  6  os. :  for  which 
.bout  14  lb.  of  flour  is  usually  employed :  the  half  peck  weighs  8  lb. 
1  oz. :  the  quartern  loaf,  4  lb.  5  oz.  8  drs.  Hence  in  the  usual 
ray  of  sale,  56  ounces  of  flour  make  69  and  a  half  ounces  of  bread ; 
r  10  lb.  of  flour  makes  12  1-2  lb.  of  bread. 

The  foUoMring  facts  were  ascertained  by  direct  experiment  in- 
tituted  for  the  purpose. 

A  Winchester  bushel  of  good  wheat  weighing  fifty-nine  poundSi 
iroducedi  lb. 

Of  the  finest  flour        •        *       28 
Seconds        -        •        •        •       5 1 
Fine  middlings         •        •        •    7 
Coarse  ditto        •        •  •        3 1 

i^  Bran       r"      •         •         -        15 

The  bushel        •  •  59 

Uso,  615  lb.  of  clean  wheat  was  taken  and  ground :  it  produced 
(14  lb  of  flour,  and  84  lb.  of  bran.  The  flour  when  baked  pro* 
iu^d  672  lb.  of  household  bread,  or  at  the  rate  of  thirty  per  cent* 
tojTond  the  weight  of  the  flour.  The  salt,  the  yeast,  and  the  wood 
smi^oyed  to  bake  it,  cost  5  shillings  sterling :  the  workmanship 
St.  6d.  I  presume  the  bread  was  weighed  while  warm.  TMs  is 
It  the  rate  of  13  lb.  bread  to  10  lb  flour. 

According  to  Lord  Shefiield,  the  general  calculation  is,  that  a 
IVinchester  bushel  of  wheat  weighing  60  lb.  will  produce  54  lb.  of 
Heal,  5  1-4  lb.  of  bran  and  three-fourths  of  a  pound  of  water :  and 
rill  make  68  lb.  of  bread :  this  is  in  the  proportion  of  13  1-3  lb.  of 
H«ad  for  10  lb.  of  flour.  See  vols.  26,  29,  35  of  tlie  Annals  of  Ag- 
riculture. 

It  appeared  from  the  examination  of  the  baker*s  about  that  pe- 
riod of  scarcity  in  England,  that  American  flour  weight  for  weight 
produced  rather  more  bread  than  the  best  English  flour.  Hence 
[  conclude  that  10  of  American  flour  ought  to  make  13  of  bread} 
if  well  managed. 

The  facts  shew  the  great  value  in  point  of  economy.  1st  In 
eaidng  household  bread,  and  2d.  In  baking  at  home.  The  great 
art  of  baking,  b  in  the  laborious  knea£ng  of  the  dough.  A  small 
ijuantity  of  pearl-ash  dissolved  in  the  watery  makes  the  bread 
aomewhat  lighter  and  aisurcdly  wliolesomen    All  the  bread  oaed 
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in  my  family}  is  baked  in  a  common  ten-plate  stove.  I  do  not 
usually  meet  with  better  bread.  I  suspect  the  wheat  of  slaty  up- 
land) is  heaviest  and  sweetest. 

HofD  much  Land  vtill  aufit^ly.  a  man  with  nrceaBory  Food,. 

I  suppose  a  labouring;  man,  sufficiently  fed.  Such  a  man  wiD 
consume  food  of  whatever  kind  it  be,  that  will  be  equal  in  amount 
to  one  pound  and  a  half  of  bread,  one  pound  of  meat,  and  half  a  jpsX 
of  whiskey,  per  day.  To  which  ought  to  be  added,  an  allowance 
for  fuel,  pepper,  salt,  and  a  moderate  proportion  of  vegetables. 
His  dress  will  form  another  item  :  his  habitation  another. 

One  pound  and  a  half  of  bread  per  day,  will  amount  to  547  1  -a  lb. 
c/f  bread  per  year.  At  1 3  lb.  of  bread  to  10  lb.  of  flour,  this  will 
requiro  420  lb.  of  flour.  If  according  to  the  experiment  above 
related  6 1 5  pound  of  wheat  will  produce  5 1 4  lb.  of  flour,  then  4301b. 
of  flour,  will  require  500  lb.  of  %vheat.^  This  at  60  pound  to  th| 
bushel,  will  amount  to  eight  bushels  and  one-third  per  am^B. 
Allowing  a  little  for  indispensible  loss  and  ii-aste,  this  will  beeiglit 
bushels  and  a  half.  In  England  the  calculation  is  eight  bushels 
annually,  as  the  consumption  of  man,  woman  and  child :  and  is  near 
the  truth.    In  this  country  we  live  more  fully  and  less  carefully. 

I  do  not  consider  the  average  produce  of  an  acre  of  whea^  in 
the  county  of  Cumberland,  in  Pennsylvania,  which  is  a  rich  coun^ 
of  land,  as  more  than  18  bushels  per  acre.  The  average  produce 
of  all  England,  is  not  less  than  22  bushels  of  wheat  per  acre>  iHicn 
wheat  is  put  in  as  a  crop. 

Since  I  have  been  at  Carlisle,  when  flour  has  been  at  six  dol- 
lars the  barrel  of  196lb»net  weight,  wheat  has  been  at  SI  35  cents 
per  bushel :  butcher's  meat  six  cents  per  pound :  and  whiskey  by 
the  quarter  cask,  at  sixty  cents  per  gallon. 

The  grain  required  for  one  nuui  per  annum  > 

then  will  be  8  1-2  bushels  at  S  1  25  cents    3 
Meat,  365  lb.  at  6  cents  ... 

Whiskey  23  gallons,  or  allowing  2  gallons  > 

extra  for  harvest  time  25  gallons  3 


Fuel,  vegetables,  pepper,  salt,  may  fairly  be 
considered  as  at  least 
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It  appears,  that  an  acre  of  ground  cultivated  in  wheat  at  18 
bushels  per  acre  will  yield  22  1-2  dollars  in  the  market.  But  all 
the  other  articles  are  equally  the  produce  of  the  soil*    Hence  if 
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5  acre  be  required  for  22  1-2  dollars  worth  of  food,  55  dollws 
rth  will  require  very  nearly  two  acres  and  a  half. 

But  where  in  good  cultivatioDi  a  wheat  crop  cannot  occur  xnoire 
n  once  in  four  years,  interposing  rye,  oats,  and  cloyeri  land  that 
1  produce  eighteen  bushels  under  usual  culture,  will  not  yield 
on  the  average  of  a  four  year's  crop  more  than  the  value  oC 
rteen  bushels.  This  will  bring  the  quantity  of  land  required  in 
raberland  county  necessary  to  supply  a  labouring  man  thetet 
h  food  and  drink  for  a  year,  to  three  acres :  the  fractions  in  this 
culation  compensating  for  those  in  the  preceding. 
A  man  must  have  not  only  food  to  support  htm,  but  clooths  to 
er  him,  and  a  dwelling  to  defend  him  from  the  inclemency  of 
seasons. 

The  dress  of  a  labouring  man  cannot  be  estimated  annually  at 
I  than  25  dollars  in  tMs  part  of  the  country :  he  must  have  a 
f  a  couple  of  cravats,  a  couple  of  shirts,  a  couple  of  pair  of 
ckings,  two  pair  of  shoes,  a  coat,  jacket,  and  pantaloons  and 
I  pocket  handkerchiefs  per  annum. 

He  must  have  a  habitation  which  will  cost  him  not  less  than 
5  dollars  a  year. 

Hence  if  55  dollars  require  three  acres,  30  dollars  Mrill  requira 
irards  of  one  acre  and  a  half.  To  maintain  a  labouring  man 
a,  free  in  Cumberland  county,  will  require  not  less  than  four 
ct  and  a  half  of  cleared  ground  producing  an  average  crop 
rth  at  leat  fourteen  dollars  in  the  market.— It  is  true  that  every 
1,  woman  and  child,  will  not  consume  as  much  food  as  a  labour- 
man,  but  the  expences  of  the  more  expensive  ranks  of  soeiety^ 
I  more  than  compensate  for  this.  If  a  Jabouring  man  spcnda 
essarily  at  the  lowcMt  rate  85  dollars  a  year,  the  average  of  the 
imunity,  can  hardly  be  estimated  at  less  than  1 10  or  1 12  dollars, 
out  25/.  sterling)  which  will  demand  eight  acres  per  head  pro- 
ing  as  above  to  support  each  man,  woman  and  child  in  the 
nty. 

In  other  parts  of  the  United  States,  the  cheapness  of  land-pro* 
le^  and  of  course  the  cheapness  of  living,  compensate  each 
er :  so  that  although  the  calculation  in  dollars  will  be  affected, 
qilculation  in  land  will  not:  hence  eighC  acres  of  cleared  land 
east,  arc  necessary  to  the  maintenance  of  every  human  being  in 

United  States  upon  the  average.  The  present  proportion 
refore  of  about  eight  millions  will  require  about  sixty-four  mii- 
is  of  cleared  acres.    If  the  weight  of  grain,  flesh,  and  home- 
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mide  spirits  exported  were  known,  the  aclual  amount  of  cleared 
land  in  the  United  States  mi^ht  be  approximated :  though  put  of 
this  export  has  been  considered  under  the  article  cloathing. 

I  am  not  at  this  moment  aware  of  any  material  fallacy  in  the 
above  calculations :  when  I  am  further  instructedi  I  shall  be  glad 
to  correct  my  suppoutions. 

Wottl4  it  be  too  much  to  calculate  the  average  value  in  the 
market,  oCeach  acre  of  cultivated  land  in  the  United  States,  it  tea 
dollars?  I  think  not.  It  follows  then,  that  the  yearly  produce  tl 
our  agriculture  is  worth  six  hundred  and  forty  millions  of  doDui! 

How  the  bloated  panygerics  on  foreign  trade,  dwindle  into  oob> 
parative  insignificance,  when  set  in  competition  with  this !  Canvt 
avoid  recollecting  the  old  hblt  of  the  Frog  and  the  Ox,  so  embb* 
matic  of  the  subject  f 

If  the  potatoe  and  the  turnip  culture,  with  that  of  carrots  ml 
beets  for  cattle  on  sandy  grounds,  were  introduced  into  the  rego* 
lar  rotation  of  crops  in  thiscountry  asin  England,I  have  no  heaitif 
tion  in  expressing  my  belief^  that  the  produce  of  at  least  ten  mil- 
lions  of  acres  might  be  saved.  The  introduction  of  these  crapii 
would  also  of  necessity  lead  to  a  strict  system  of  manure  maiisge* 
ment,  and  the  introduction  of  sheep  to  be  folded  for  manure,  and 
of  tap  rooted  plants  so  proper  in  a  warm  climate,  where  moisture 
is  not  found  near  the  surface. 

Of  the  quantity  qf  Land  necessary  to  maintain  a    IVorking  Hone. 

Such  a  horse  well  but  not  extravagantly  kept,  will  consume  13 
pound  of  hay  and  8  quarts  of  oats  per  day.  If  his  labour  be  con- 
stant, not  less  than  two  ton  of  hay,  and  a  hundred  bushel  <tf  oats 
per  annum  will  suffice.  His  manure  will  amply  pay  for  straw  for 
bedding.  Manure  when  once  laid  upon  land,  is  well  worth  a  dol- 
lar a  load  of  three  horses,  in  that  situation. 

Under  the  average  cultivation  of  America,  this  produce  cannot 
he  rused  on  less  than  from  7  to  8  acres  of  land.  Sliotii^  and 
stabling  ^dll  cost  half  an  acre  more.  So  that  the  expence  of  s 
working  horse,  is  somewhat  more  than  that  of  a  human  creature. 
It  is  not  only  so  on  a  large  scale,  but  every  traveller  knows  it  is 
so,  on  a  small  scale  also. 

When  I  travel  in  the  back  parts  of  Pennsylvania  for  instance, 
I  allow  my  horse,  as  follows.  Hay  at  night  25  cents :  16  quarts 
of  oats  a  day,  50  cents :  present  to  the  hostler  in  the  momiiig 
for  cleaning  my  horse  13  N3  cents :  similar  present  at  one  stopplnfr 
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Uce  during  the  day  six  and  a  fourth  cento :  shoeing  and  casutl- 
ea  six  and  a  fourth  cents.  Total  expence  of  a  horse  per  day» 
-aveiling  from  35  to  45  miles,  one  dollar. 

Allowance  to  mysel£  Breakfast  35  cents :  cold  meal,  or  check 
;  stopping  12  1-3  cenU:  supper  25  cento:  liquor  during  the  daj 
S  cento,  being  half  a  pint  of  spirituous  drink  :  bed  13  1-2  cents: 
^tal  100  cento.  Such  at  least  were  the  prices  from  1800  to  1813 
I  this  state. 

Again:  at  the  present  day  1814,  the  expence  of  a  horse  at 
rery  at  Carlisle  is  130  dollars :  to  which  shoeing  is  to  be  added. 
he  expences  of  travelling  hare  encreased  about  one  third  within 
ese  two  years :  partly  owing  to  a  state  of  hostility,  and  partly  tp 
e  almost  sudden  introduction  of  the  paper  of  so  many  banks. 
>  that  still  a  horse  and  a  man  travel  as  to  neceM§arieM  at  about  thie 
me  rate  per  diem. 

Calculations  of  this  kind,  may  be  considered  as  useful  exorci'* 
« in  political  arithmetic.  I  have  often  wished  to  see  a  set  of 
lestions  published  as  exercises,  in  general  and  local  statistica : 
id  the  same  with  a  view  to  render  chemical  calculadons  also  fiir 
ifiar  to  a  student.  T.  C. 

When  I  had  composed  the  above,  I  met  i^th  the  following  re* 
arks  of  a  similar  nature  from  the  Quarterly  Review,  No.  19| 
iiich  gives  a  somewhat  different  aspect  of  the  same  subject 

«  Leaving  the  further  discussion  of  this  topic  to  wiser  heads  than 
T  own,  we  will  now  conclude  our  ailicle  with  a  few  remarks  on 
e  general  subject  of  subsistence  and  population. 

^  It  has  been  generally  supposed  that  about  one  quarter*  of 
leat,  convertible  into  about  480lbs.  of  bread,  is  sufficient  for  the 
nual  sustenance  of  an  individual,  on  an  average  of  all  ages.  If 
b  were  true,  it  would  evidently  be  easy  to  ascertoin,  in  any  coun* 
f  of  which  the  extent  and  population  were  accurately  known, 
B  average  annual  consumption  and  reproduction  of  food|  to  esti- 
ate  tlie  degree  of  comfort  enjoyed  by  the  inhabitanto  of  such 
untry,  Sec.  But  the  number  and  variety  of  articles  really  em- 
oyed  for  the  purpose  of  food  are  so  great,  as  to  throw  consider- 
le  doubto  on  the  truth  of  this  approximation,  and  it  is  perhaps 
^possible  to  fui*ni3h  any  which  shall  be  free  from  considerablo 
ror ;  and  it  may  be  of  some  advantage  to  know  the  attempts 
lich  have  been  made  elsewhere  to  solve  this  intricfte  proUem, 
d  we  shall  therefore  here  stote  the  supposed  proportion  of  ani- 

*  Eight  builialtf. 
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nud  and  vegetable  food  consumed  in  the  French  metropolis 
about  the  time  of  the  revolution,  as  tolerably  applicable  to  Great 
Britain. 

^  The  data  for  such  a  calculation  were  very  numerous  in  Francei 
where  every  province  has  been  accurately  surveyed,  the  popula- 
tion of  every  district  regularly  registered,  and  the  consumptioo 
of  the  towns  minutely  ascertained,  by  means  of  the  entrance  duty 
collected  at  the  gates.  The  calculators,  amongst  whom  wen 
Lavoisier  and  La  Grange,  were  men  of  undoubted  science,  and 
the  result  of  their  labours  is,  that  the  annual  food  of  each  inhabi- 
tant, as  deduced  from  the  population  at  Paris,  amounts  to  642 
French  pounds,  (693  English)  of  which  the  vegetable  food,  includ- 
ing com,  potatoes,  fruit,  and  garden  esculents  of  all  sorts,  formt 
435lb8.  (469  English,)  and  the  animal  food,  comprehending  meat, 
fish,  butter,  eggs,  cheese.  Sec.  207lbs.  (224  English.)  Now,  if  it 
be  considered  that  the  extent  of  pasture  land  in  Great  Britain  is, 
at  least,  ten  times  as  great  as  that  of  wheat  land ;  that  thb  pasture 
is,  from  the  moisture  of  our  climate,  remarkably  fertile,  and  that 
our  insular  situation  must  supply  us  with  a  much  larger  portioo 
of  fish  than  our  French  neighbours  can  easily  attain,  it  may  rea- 
sonably be  presumed  that  the  estimate  which  allots  a  quarter  of 
wheat  to  the  subsistence  of  each  person,  probably  cxaggerates,by 
about  one  third,  the  real  consumption  of  grain  in  this  coimtry,  and 
reduces,  in  the  same  degree,  the  amount  of  our  whole  annual  sus- 
tenance. 

<<  This  proportion  will,  of  course,  vary  in  different  districts,  in 
different  classes,  and  in  different  seasons ;  but,  in  general,  thcit 
is  reason  to  hope  and  believe  that  the  ratio  of  the  more  nutritions 
to  the  less  valuable  species  of  food,  is  still  increasing  in  the  gene- 
ral ccmsumption ;  that  wheat  continues  to  supplant  the  inferior 
sorts  of  grain,  and  that  the  comforts  of  the  poor  are  more  jMtj 
diffused.  Of  wheat,  indeed,  it  is  impossible  to  state  with  accu- 
racy the  annual  produce,  but  the  inference  may  be  indirectly  pior* 
ed  by  the  augmented  consumption  of  the  food  afforded  to  us  by 
pur  colonial  agriculture.  On  an  average  of  ten  years,  ending  in 
1801,  the  mean  annual  consumption  of  sugar  was  betwefn  177 
and  178  millions  of  pounds,  which,  divided  by  the  amount  of  the 
population,  (10,942,646)  gives  I6lbs.  as  the  consumption  of  each 
individual  in  Great  Britain.  By  a  ^milar  calculation  on  the  nesrt 
ten  years,  we  find  the  consumption  augmented  to  between  19  and 
30lbs.  for  each  person,  the  annual  average  being  340,800/)00lhs. 
and  the  population  13,352,144.    This  is  exclusive  of  the 
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lies,  and  of  the  export  to  Ireland ;  and  as  it  appears  from  expe- 
riment, that  a  hundred  weight  of  sugar  is  equal,  in  point  of  nutri- 
ment, to  a  quarter  of  barley,  6r  ^  of  a  quarter  of  wheat,  it  seems 
to  follow  that  the  coarser  kinds  of  grain,  formerly  in  general  use 
for  the  manufacture  of  bread,  are  daily  giving  way  to  more  palata- 
ble articles  of  nutriment 

<*  With  regard  to  animal  food,  the  abundance  of  which  has  been 
«t  all  times  the  peculiar  boast  of  the  British  islands,*  we  know,  by 
the  direct  evidence  of  the  markets  in  the  metropolis,  that  the 
quantity  consumed  is  regularly  increasing.    This,  indeed,  as  we 

*  The  above  is  an  extract  from  tlie  Quarterly  Review  for  October  1813» 
page  173,  1  do  not  comprehend  how  the  authors  or  editors  of  that  work  caa 
leooncile  this  passage  with  the  following  taken  from  page  266  of  the  same 
Beview,  for  the  July  preceding  (July  1813.) 

*'  Food  of  every  description  has  risen  to  an  extravagant  and  unprecedent- 
ed price.  Butcher^t  meat,  once  in  ordinary  use,  is  now  nearly  beyond  the 
leadi  of  the  great  mass  of  the  people :  the  labouring  poor  can  scarcely  hope 
to  taste  it:  and  as  to  Jlth,  whether  in  the  metropolis  or  in  the  great  inland 
towns,  that  may  be  considered  as  a  prohibited  article  even  to  the  middling 
nrnksoflife." 

Kor  can  I  see  how  the  extract  in  the  text  is  to  be  forced  into  coalition 
with  the  following  passage  from  the  Edingburgh  Review  for  the  very  same 
mooth. 

Ed.  Rev.  October  1813.  Guarinos  on  Poor  Laws.  The  Reviewers  say, 
page  197,  "  The  precious  metals  have  been  depreciated  throughout  Europe, 
in  consequence  of  the  productiveness  of  the  American  mines  during  the  last 
faty  years :  and  in  our  own  country  (Great  Britain),  the  rise  of  prices  which 
this  oeoeasarily  produced,  has  been  aggravated  by  a  depreciation  of  our  cur- 
scney,  occasioned  by  the  issue  of  paper  not  convertible  into  specie.  What 
have  been  the  consequences }  The  price  of  labour  has  not  risen  in  proportion 
to  the  price  of  coounodities.  But  the  labourer  has  the  difference  made  op 
Co  him  in  the  shape  of  poor's  rate.  An  unmarried  man  can  still  support  him- 
gelf  by  his  nominal  wages.  Bat  a  married  man  who  has  two  children  to 
Jliaintain,  receives  0$  a  matter  nf  courte,  assistance  from  his  parish.  A  cfdcu- 
lation  is  made  of  the  price  of  wages  and  of  the  price  of  bread.  So  much 
is  allowed  him  according  to  the  number  of  his  family.  What  his 
will  not  funush,  the  parish  provides.  This  beneficent  system,  as  it  has 
Itten  called,  turns  out  to  be  an  engine  in  the  hands  of  masters,  to  keep  wages 
mIow  as  wUlsuffice  for  the  nyuntenance  of  the  labourer  and  his  wii^,  with  a 
provision  in  the  shape  of  charity,  for  the  support  of  his  children.'*  The  rest 
€if  the  passage  is  well  worth  citing,  but  it  is  too  long. 

If  these  passages  be  correct,  what  becomes  of  the  great  and  increasing 
abundance  and  consumption  of  animal  (bod,  the  peculiar  bout  of  the  British 
islands  ?  Ooefoitrth  of  the  population  of  that  country  csnaot  afibcd  aoimsl 
fiiod  above  ooce  a  veek,periispsDotoDGe  amonth. 


kave  aeeiiy  has  been  coondered  by  many  writers  as  a  proof  tha 
oar  tilkge  ha»  not  improved  in  a  degree  at  all  proportionate  ti 
cmr  pasture  lands ;  but  in  truth  it  is  the  pecuUar  advantage  of  thi 
modem  husbandry,  that  the  quantity  of  winter  and  summer  pro 
irender  fi>r  cattle,  yielded  by  the  plough,  greatly  exceeds  the  an 
nual  produce  of  grass  and  hay  from  the  same  quantity  of  land.  U 
boweveri  this  were  not  notoriously  true,  there  can  be  no  doubt  thu 
our  fisheries  might,  for  centuries  to  come,  effectually  supply  tk 
deficiencies  of  our  agriculture.  There  are,  indeed,  no  bounds  Is 
the  possible  accumulation  of  animal  food ;  and  its  efficiency  u  i 
resource,  in  the  failure  of  other  nutriment,  is  only  limited  by  iCi 
irery  perishable  nature ;  an  inconvenience,  however,  very  easily  re> 
medied,  so  that  we  may  perhaps  be  justified  in  expressing  our  be* 
fief,  that  if  the  proposed  imposition  of  a  duty  on  foreign  gfiii 
were  accompanied  by  a  repeal  of  the  tax  on  salt,  the  growing  p9* 
pulation  of  these  islands  might  be  supported,  for  centuries  to  ami 
in  the  enjoyment  of  increasing  abundance.'* 


TO  THE  EDITOR  OF  THE  EMPORIUM. 

PitUburghy  January  8,  li(i4 
Dear  Sir,  \, 

I  ENCLOSE  a  letter  to  the  secreUry  of  the  United  S 
in  wluch there  maybe  found  some  hints  of  value,  respecting 
best  method  of  making  turnpike  roads.  If  you  are  of  that  opini 
it  is  at  your  service ;  and,  although  written  expressly  for  the  ^ 
cretary,  who  is  absent,  and  whose  leave  I  cannot  therefore  ob 
I  believe  that  there  can  be  no  impropriety  in  giving  it  publicity 
I  have  added  an  appendix  explaimng,  and  enlarging  upon,  some 
points  wluch  it  was  not  necessary  to  enter  into  more  paiticularl 
in  my  report. 

I  am,  very  respectfully,  yours, 

B.  H.  LATROBE. 


Scads.  215 

fVoMhingtonj  October  31,  181 S, 

i  Albert  Gallsttn, 

of  the  Treasury  of  the  U.  S. 

IBLY  to  my  promise,  I  submit  to  you  such  remarks 
I  on  the  perusal  of  the  ccmtracts  of  Messrs.  Cochran^ 
d  Randal,  for  making  the  United  States*  road  from 
owards  Brownsville. 

tracts  require  the  following  description  of  a  road. 
Eul  is  to  be  levelled  from  side  to  side  to  the  width  of 

centre  of  these  thirty  feet,  a  pavement  (as  it  is  now 
ill  it)  of  twenty  feet  is  to  be  laid  in  two  strata :  the 
t  of  stones,  which  will  pass  through  a  ting  7  inches 
the  second  of  stones  that  will  pass  through  a  3  inch 
ivement  is  to  be  30  feet  wide. 

ivement  is  to  be  laid  6  or  9  inches  higher  in  the  cen* 
I  edges,  and  the  earth  is  to  be  raised  up  to  the  edges 

stones  from  separating,  or,  in  the  technical  phrase, 
ildered. 

is  to  be  a  ditch  on  the  upper  side  of  the  road  and  con* 
r  fiav  foment  J  that  is,  upon  the  shoulder,  or,  at  most, 
tance  from  it. 

remark  on  the  stipulated  slopes,  as  some  atteradon 
Ltted  respecting  them. 

,  in  the  order  in  which  I  have  set  them  down,  give 
n  on  each  of  these  points  of  construction, 
general  course  of  the  road,  excepting  where  it  crosa- 
.  carried  along  the  ^e  of  the  mountuns,  the  general 
»pear  as  in  the  plate. 

Ith  of  the  road  there  can  be  no  objection  (A),*  nor 
width  of  the  pavement.    But  to  the  construction  in 
3int,  I  shall  take  the  liberty  of  ofilsring  such  objec- 
heory  and  experience  have  suggested,  and  ai  in  a 
stances  have  been  found  solid  in  my  own  profession- 

f  covering  a  road  with  stones  of  different  sixes  has, 
m  originally  in  the  expectation,  that  the  soft  clay  or 
n  most  instances  constitutes  the  natural  sml,  would 
penetrated  by  large,  (especially  by  flat  stones)  laid 

*  ^fit  Appendix. 
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immediately  upon  it,  than  by  smaller  stones,  such  as  necessarily 
form  the  surface  of  paved  roads,  for  the  sake  of  procuring  a  tole- 
rably regular  plane  upon  which  to  travel.  This  idea  has  aftc^ 
wards  been  strengthened  by  the  economy  of  the  practice ;  the 
quantity  of  labour  in  breaking  the  stone  being  thereby  diminidied. 
But  the  expectations  both  of  utility  and  economy  are  perfectly  fal- 
lacious. In  the  first  place,  nothing  is  so  certain,  as  that  the  large 
stones,  let  them  be  ever  so  carefully  laid  out  at  the  bottom,  will, 
in  time,  come  up  to  tlie  top,  and  that  the  small  stones  will  all  go 
to  the  bottom :  and  this  effect  will  take  place,  sooner  or  later,  ex- 
actly in  the  proportion  in  which  the  road  is  much,  or  little,  used; 
and  also  in  the  proportion  in  which  the  size  of  the  large  stones 
exceeds  that  of  the  small  ones.  At  first  sight  tliis  may  appesr  : 
extraordinary,  but  the  effect  is  natural  and  unavoidable.  It  ocean 
thus :  A  heavy  load  pi*e6ses  upon  tlie  new  road,  and  of  coune 
moves  all  the  stones  down  to  the  lowest  (B),  the  small  stones  at 
the  top  descend  into  the  interstices,  which  are  thus  opened.  Every 
new  pressure  and  motion  continues  tliis  process.  If  the  lower  stit- 
turn  consists  of  stones  which  arc  large  and  flat,  they  will  get  to  the 
top  sooner  than  round  stones.  A  very  familiar  example  will  eluci- 
date this  process.  Every  housekeeper,  in  breaking  a  loaf  of  sugar, 
shakes  tlie  broken  pieces  in  a  box.  Those  that  are  too  large,  soon 
come  to  the  top  and  are  broken  smaller.  In  shaking  cheanuts  is 
a  basket,  the  largest  will  soon  be  at  the  top,  and  exactly  on  the 
same  principle.  If  it  were  not  invidious,  I  would  point  out  seve- 
ral turnpike  roads,  or  parts  of  turnpike  roads,  in  Maryland  and 
Pennsylvania,  which  prove  the  truth  of  this  fact.  As  to  ecoDomff 
(C)  the  calculation  is  in  the  next  place  quite  as  bad  a  one.  Such 
a  road  soon  wants  repair,  and  no  repair,  excepting  that  of  breaking 
up  the  large  stones  as  fast  as  they, appear,  is  an  adequate  one. 
These  large  stones  necessarily  range  themselves  on  each  aide  of 
the  ruts,  until  they  work  themselves  loose,  and  then  they  lie  in  tbe 
horse  path.  Such  a  turnpike  is  soon  fit  only  for  slow  heavy  wag- 
gons, and  for  those  it  is  a  very  bad  one. 

Now  in  the  United  Slates'  road,  the  lower  stratum  of  stones 
will  consist,  at  an  average,  of  pieces  wcigliing  each  more  than  IS 
times  as  much  as  each  of  the  pieces  that  constitute  the  upper  stra- 
tum: or  in  other  words,  that  have  more  than  13  times  the  volume, 
or  bulk.  Of  course,  many  years  will  not  elapse,  before  this  road 
will  be  exceedingly  out  of  rcpsdr  and  covered  with  loose  stones  of 
an  average  diameter  of  seven  inches.  In  a  level  country  this 
would  be  a  less  evil  tlian  among  the  mountains.    Every  obstruction 
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of  seven  inches  is  a  very  serious  additional  difficulty  in  an  ascent 
of  four  and  a  half  degrees,  to  a  loaded  waggon  the  greatest  radius 
of  whose  %vheels  is  probably  only  2  feet  9  inches. 

3.  In  all  roads  whatever,  it  is  an  error  to  raise  the  centre  aboTC 
the  shoulders  of  the  road.  If  there  are  instances  in  which  it  is 
useful,  I  have  not  yet  seen  them.  In  a  road  merely  thrown  up  out 
of  the  common  soil,  where  the  ground  is  very  level  lengthwise  oi' 
the  road,  it  is  perhaps  as  well  to  raise  the  centre,  because  it  will 
soon  be  beaten  flat  in  dry  weather  by  being  chiefly  used,  and  in 
wet  weather,  when  the  ruts  or  tracks  are  deep  it  is  of  no  conse- 
quence, because  the  water  cannot  run  off  rapidly :  but  in  all  other 
cases,  the  convexity  of  the  road  is  assuredly  injurious. 

In  respect  to  their  level,  lengthwise^  there  can  be  only  two  kinds 
of  roads.  The  first,  such  as  are  perfectly  level,  of  which  the  in* 
stances  are  in  the  United  States  chiefly  confined  to  sandy  situa- 
tions ;  the  second,  such  as  arc  inclined  more  or  less  to  the  hori- 
zon, and  which  in  tunipike  roads  are  permitted  by  law  seldom  to 
exceed  in  acclivity,  an  angle  of  four  and  a  half  degrees. 

In  the  first  kind  of  roads,  that  is  in  level  roads  if  in  any,  it  might 
be  supposed  that  a  convex  surface  would  be  useful,  because  the 
water  falling  upon  the  road,  might  be  thci-cby  carried  into  the 
ditches  on  each  side  of  it.  And  this  would  happen  without  injur}*, 
if  the  surface  were  perfectly  hard,  and  no  ruts  or  tracks  were 
cut  into  it  by  carriage  wheels.  But  as  the  construction  of  the 
road,  and  the  law  regulating  the  passing  of  meeting  carriages  oc- 
casions the  sides  of  a  convex  road  to  be  used,  more  than  the  cen- 
tre,  the  outer  wheels  will  always  bear  the  principal  part  of  the 
load  and  of  course  cut  the  deepest  track.  If  the  road  be  perfect- 
ly horizontal,  lengthwise,  the  water  which  falls  on  the  n>ad  will  run 
across  the  road  into  the  outer  ruts  on  each  side,  which  are  the 
lowest  and  tlie  .deepest,  and  stand  in  them  until  it  finds  vent  on  to 
the  shoulder  in  a  place  accidentally  lower.  The  whole  water  of 
the  road  on  each  side  for  some  distance,  being  discharged  through 
a  few  of  these  openings,  the  road  will  be  gullied  across  its  edges— 
as  daily  observations  may  shew.  But  if  the  road  were  perfectly 
fiat,  there  would  not  be  cut  so  easily  a  leading  rut  on  the  edge, 
and  the  water  would  run  off  as  fast  as  it  rose  above  the  surface  in 
innumerable  places,  and  much  less  rapidly.  It  would  therefore 
gully  much  less,  and  nothing  is  so  certain,  as  that,  of  roads  entirely 
unimproved,  the  flattest  parts  arc  certainly  not  the  worst,  becau^r^ 
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they  have  the  fewest  gillies  across  thctn,  unless  the  ground  is  na- 
turally boggy. 

It  would  be  out  of  place  here  to  give  distances  for  the  coo- 
struction  of  roads  in  countries  which  are  not  sandy  and  yet  pe^ 
fectly  level.  I  will  only  remark)  that  to  raise  the  whole  artificial 
part  of  the  road  a  foot  above  the  common  level,  to  lay  it  flat  acroui 
and  to  effect  a  very  small  alternate  rise  and  fall  at  short  distuicei 
longitudinally  would  be  a  mode  perfectly  efficient-— a«  very  amfik 
cxfierience  haa  /i roved.  (D) 

In  roads  however  that  have  a  natural  inclination  to  the  hori- 
zon,  it  is  difficult  to  conceive,  how  the  idea  of  convexity  everob* 
tluned  admittance  into  practice.  The  makers  of  roads  appear  lo 
have  been  more  anxious  to  get  rid  of  rsdnwater  tlian  on  any  ottier 
account.  It  is  not  pleasant  to  drive  or  ride  through  ponds  or  pud- 
dles in  the  public  highway :  but  there  need  not  be  any  fear,  tint 
they  will  abound  or  exist,  if  the  surface  of  the  road  be  well  sod 
equally  laid,  evei%  if  the  road  were  quite  flat,  provided  it  were 
raised  above  the  level  of  the  land  on  each  side.  But  in  a  raid 
which  has  a  longitudinal  declivity  the  only  danger  is,  that  tlie 
water  will  runoff  too  fast,  and  carry  with  it  all  the  small  particles 
of  hard  stone,  which  filling  up  the  interstices  of  the  larger  pieces, 
fix  them  firmly  in  their  places,  and  which  convexing  them  in  Minfl 
degree  ^minish  the  friction  of  the  wheels  and  preserve  the  roai 
There  cannot  possibly  be  any  occasion  to  turn  off  these  partidcs 
from  the  road  altogether  by  a  lateral  (producing  with  the  longiti- 
dinal  declivity  an  oblique)  current  of  water,  and  of  course  an  ob- 
lique  gully,  even  if  the  road  could  possibly  be  quite  smooth  and 
free  from  tracks  and  ruts.  But  as  no  road,  and  least  of  all,  a  coo- 
vex  road  can  be  free  from  ruts,  while  narrow  wheeled  waggoas 
are  used,  the  convexity  of  the  road  becomes  uaeleat  at  least.  For 
the  water  will  run  from  the  centre  into  the  first  rut  that  it  finds  and 
continue  to  follow  it  until  it  finds  some  vent  sideways,  accidentil 
or  artificial.  Since  then  the  convexity  of  the  road  cannot  perfi>rm 
the  service  expected  from  it,  on  account  of  the  longitudinal  trackiy 
the  actual  evils  it  creates  ought  surely  to  be  avoided.  The  piJB' 
cipal  of  these  is  the  unequal  beanng  of  the  load  of  carriages  upon 
their  wheels,  thereby  vrearing  the  lower  side  of  the  roadf  and 
forcing— by  the  cutting  of  leading  ruts ;— all  the  waggons  to 
fellow  the  same  track,  in  which  track  there  will  be  always  c&tut 
holea*  in  the  lower  aidej  whenever  a  large  atone  happens  to  be 


stAtet,  chuck  ho!e§,  axe  sudden  and  deep  dqweiaioni  ia  the 
,aie  always  found  opposite  to  the  root  of  a  tree>  an  old  tuampt  ^ 
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mly  fixed  on  the  upper.  It  would  be  certainly  a  more  rations) 
nstruction  to  build  up  the  shoulders  of  the  road  firmly  with 
•ge  stones  rather  higher  than  the  road  itself,  and  then  to  fill  in 
rfectly  level  across  with  equal  small  stones.  A  road  so  con- 
iicted  would  retain  its  materials  much  better  and  longer  than 
B  other,  especially  if  care  were  taken,  to  prevent  as  much  as 
ssible  a  very  rapid  discharge  of  the  rain  water  from  it. 

4.  Contiguous  to  the  pavement  there  is  to  be  a  ditch.  This 
:ch  must  be  certauily  intended  to  catch  the  water  coming  down 
mi  the  sides  of  the  mountriin,  on  the  slope  of  which  the  road  is 
adc.  To  get  into  the  ditch  then,  the  water  must  pass  over  4  or 
feet  of  uiipaved  soil,  the  pavement  being  directed  to  be  made  in 
B  centime  of  the  30  feet,  which  are  to  be  levelled.  I  have  under- 
>od,  that  the  road  continues  in  many  parts  upon  one  uninternipt- 

ascent  of  a  mile  and  upwards.  If  this  inclination  should  be  of 
ir  and  a  half  degrees  and  rrgttlar,  it  may  easily  be  imagined, 
lat  will  be  the  effect  of  a  current  of  water  running  over  the  soft 
:1  for  a  mile,  and  not  only  increasing  as  it  descends  in  velocity, 
t  also  in  volume.  The  bottom  of  the  ditch  would  soon  assume 
;  parabolic  line  which  the  slope  of  all  mountains  acquire  from  the 
sh  of  rain  water;  and  the  pavement  would  gradually  beunder- 
ned  and  tumble  into  it.  But  I  presume  that  there  will  be  as 
jal,  stops  thrown  up  to  guide  the  current  across  the  road  at  pro- 
r  distances,  which,  although  not  provided  for  in  the  contracts,  is 
far  a  practical  remedy  for  the  evil.  But  it  must,  even  if  this 
done,  be  apprehended,  that  in  time  a  gully  will  be  formed  on 
I  upper  side  of  the  road ;  and  this  gully  will  take  place  on  the 
1  between  the  ditch  and  the  hill,  making  the  whole  of  the  up- 
'  unpavcd  level  one  irregular  ditch. 

Having  thus  objected  to  the  wiiole  construction  of  the  road, 
1  have  a  right  to  expect,  that  I  should  poii.t  out,  what,  in  my 
nion,  it  ought  to  be.  Tliis  I  will  not  hesitate  to  do,  with  the 
St  perfect  candour  and  freedom. 

I.  The  road  being  cleared  30  feet  in  width,  the  Upper  bound- 
of  the  road  should  be  so  laid,  as  that  the  eai'th  to  be  cut  from 
slope  of  the  Iiill  will  be  suflicient  to  liaise  the  lower  or  forced 
e  higher  than  the  other ;  the  surface  inclining  toward*  the  hill 
)Ut  I  foot  six  inches.  The  made  ground  will  settle  so  as  to 
:ome  perhaps  nearly  level,  but  it  sliould  always  be  rather  high- 
Lhan  the  opposite  side  to  prevent  the  water  fi-om  running  acrc^ 
:  road.    Tne  cut  on  the  hill  side  should  be,  in  general,  per- 

Tot.  III.  Q  ^ 
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There  is  no  doubt,  but  that  in  the  course  of  ycarS}  earth  from 
t  perpendicular  slopes  will  fall  on  to  the  road ;  but  nothing^  is 
m  more  easily  removed,  and  by  degrees  tlie  bank  will  gain  a 
»pe  at  which  it  will  stand,  and  be  covered  with  vegetation.  If 
:  soil  be  naturally  good,  this  will  happen  in  three  or  four  years. 

4.  The  pavement  should  be  laid  perfectly  level  acroau  the 
id,  or  rather,  if  at  all,  inclining  a  little  towards  the  hill.  AH  the 
^nes  should  be  broken  to  the  same  size.  Stones  that  will  pass 
"ough  a  3  inch  ring  are  of  a  very  good  size.  But  it  were  better 
it  they  should  be  even  larger,  tlian  that  larger  stones  should  be 
d  first, and  smaller  stones  upon  tlu-m.  That  thc»y  should  be  all 
Lial,  is  much  more  essential,  than  that  Ihey  should  either  be  very 
lall  or  the  stratum  be  very  thick.  A  road  of  equal  stones  laid  8 
:hcs  thick,  will  last  longer  without  requiring  repair,  than  a  road 
two  strata  of  difft^rent  sizes  of  a  foot  thick.  And  a  little  refiec- 
n  will  convince  any  one,  that  it  must  be  so.  A  shoulder  of  large 
nes  would  indeed  be  very  useful ;  for  it  is  important  to  prevent 
5  road  from  spreading ;  but  a  shoulder  of  eartli  is  probably  suili- 
:nt,  and  admits  of  an  easier  passage  from  the  paved  to  the  unpav- 

road. 

5.  Culverts,  or  if  it  must  be  so^  stops  (these  stops  are  admira- 
J  contrivances  to  make  a  ditch  of  the  summer  road)  across  the 
id,  must  be  made  to  take  off  the  rain  water  which  falls  upon  thp 
id,  and  also  the  wash  of  the  hills  below  tlie  guard  drains.  These 
1st  be  placed  where  the  judgment  of  the  supcrintendant  of  the 
id  may  direct,  according  to  circumstances.  But,  as  I  said  before, 
dns  or  culverts  should  generally  be  used,  and  always  to  dis- 
arge  the  water  of  the  j^uard  drains — and  where  flat  stones  abound> 
;ir  expense  is  very  trifling. 

6.  The  principal  part  of  tlie  U.  Slates*  road  being  earned  upon 
I  slopes  of  mountains,  tlic  section  of  the  road  I  propose  would  be 
is.     (See  plate.) 

But  where  it  is  to  be  carried  on  an  embankment  over  a  valley^ 
cr  ground  which  does  not  rise  on  one  side  above,  and  on  the 
ler  fall  below  it,  or  over  a  ridge,  then  the  pavement  should  be  in. 
e  centre  of  the  road,  and  the  whole  road  be  40  feet  wide  at  least. 
\\  in  the  case  of  a  perfect  level  across  the  road,  there  must  be  a 
:ch  on  both  sides  at  the  extreme  of  the  30  feet,  for  tlie  purpose  of 
eventing  water  from  running  on  to  the  road,  and  to  carry  off  the 
ainings  of  the  road  itself.  The  paved  part  of  the  road  may  be 
.d  six  or  eight  inches  higher  than  the  sides,  if  the  road  be  l«t<iV 
ngitudinaUj:  otherwise  it  isnotncjccssary. 
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I  have  now  performed  my  promise,  although  in  a  mamier  mach 
less  full  and  systematical  than  I  could  have  wished.  I  have  orJy 
to  add  a  request,  that  you  will  excuse  the  marks  of  haste  which 
you  may  observe,  and  receive  this  letter  as  a  proof  of  my  anxiety  to 
be  useful  to  the  public. 

I  am,  very  respectfully,  yours, 

B.  H.  LATROBE, 
Surveyor  of  the  public  building  ft  of  the  U,  Stata. 


APPENDIX  TO  THE  PRECEDING  PAPER. 

THE  above  report,  being  written  for  a  specific  purpose,  doei 
not  contain  all  that  information  on  the  method  of  making  public 
roads,  which  is  so  evidently  wanted.  I  will  therefore  offer  to  yo« 
a  few  further  remarks,  by  way  of  appendix  to  the  report. 

A. 

A  road  of  twenty  feet  wide,  in  the  paved  part,  and  having  on 
each  side  five  feet  cleared  and  levelled,  is  for  all  tlie  purpose  of 
travelling  sufficient.  But  such  a  road  does  not  admit  of  travel* 
ling  excepting  on  the  paved  pail ;  because  the  wheels  of  all  our 
carriages  run  5  feet  3  inches  nearly,  distant  from  each  other,  in 
the  rut.  A  summer  road  is  therefore  out  of  the  question  ^  and 
indeed,  unless  the  summer  road  be  wide  enough  to  admit  two  car- 
riages to  pass  each  other,  the  ease  of  travelling  upon  it  is  dear- 
ly purchased  by  the  necessity  of  turning  off  and  cm  to  it,  even  if  it 
could  possibly  be  an  uniformly  good  road  in  good  weather,  and  had 
all  the  advantages  which  your  very  judicious  correspondent,  O.  E. 
in  your  3d  No.  (October  1813)  suggests. 

The  summer  road  is  an  object  well  worthy  of  attention  in  our 
country.  If  judiciously  made,  it  will,  in  the  middle  states,  and  in 
common  seasons,  be  a  good  road  from  May  to  the  middle  of  July. 
The  rains  which  fall  in  July  and  August  would  occasionally  render 
it  less  eligible  than  the  paved  road ;  but  from  the  end  of  August  to 
the  middle  of  November,  often  until  Christmas,  with  the  exccptioQ 
of  a  week  or  ten  days  about  the  equinox,  it  would  again  be  the  pre- 
ferable road.  During  the  month  of  January,  the  frost  would  ge- 
nerally give  it  solidity  for  a  fortniglit  or  three  weeks;  but  from 
the  first  of  Fcbi-uary  until  some  time  in  April,  the  breaking  up  of 
fhe  frost,  and  the  variable  weather,  would  prevent  its  being 
much  used.  To  make  it  useful,  it  is  necessary,  that  it  should  not 
he  the  receptacle  di  the  ^amsVi  u{  x.\<&  ^vcd  i-oad^  by  being  cond- 
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Klunu  to  and  lower  than  the  road— nor  the  depositary  of  the  stones 
faitended  fi>r  repairs ;  that  it  should  be  protected  by  a  ditch  from  the 
draining  of  the  higher  land ;  that  it  should  be  wide  enough  to  ad- 
mit the  safe  passage  of  two  carriages,  (not  less  than  15  feet);  or 
that  there  should  be  a  summer  road  on  each  side  of  the  {^ved  road 
of  ten  feet  wide  at  the  least,  and  that  the  law,  which  directs  all 
carriages  to  turn  to  the  right,  should  prevail  in  respect  to  these 
roads;  or  in  other  words,  the  carnages  travelling  upon  them 
should  be  obliged  to  keep  the  paved  road  to  their  left  hand.  Of 
the  necessity  of  each  of  these  arrangements  with  respect  to  the 
summer  road,  every  one  who  has  travelled  the  Lancaster  turnpike 
must  be  thorou ghly  convinced . 

In  mountauious  districts,  the  maintenance  of  a  good  summer 
road  will  always  be  a  matter  of  expense  and  difficulty ;  grcateri 
probably,  than  would  be  rewarded  by  its  advantages.  And  in  the 
coDtracts  for  the  great  western  road  of  the  United  States,  therefore, 
it  was  right  to  omit  any  provision  for  such  a  road.  But  in  the 
more  level  parts  of  our  country,  it  is  an  object  which  would  be  well 
worthy  of  expense,  and  I  think  that  by  relieving  the  paved  road 
firom  wear  for  6  months  nearly  in  the  year,  it  would  repay  the  mo- 
ney laid  out  in  its  maintenance.  Its  original  construction  is  an  ob- 
ject of  small  comparative  expense. 

B. 

In  passing  along  the  Lancaster  turnpike,  I  think  in  1797,  in  a 
part  then  unfinished,  I  observed  that  a  stratum  of  large  flat  stones 
was  first  laid  upon  the  clay,  and  smaller  stones  broken  over  them.   I 
stopped  and  stated  my  opinion  to  a  person  who  appeafied  to  superin- 
tend the  work,  on  this  mjudicious  mode  of  making  the  road ;  using 
all  tlic  arguments  that  occurred  to  mc  to  convince  him  of  the  cor- 
rectness of  my  remarks.     He  did  not  know  mp  or  my  profession, 
and  heard  me  with  great  civility ;  but  I  did  not  succeed  in  convinc- 
ing him.     In  1801, 1  passed  over  the  same  ground,  and  found  tire 
same  person  superintending  a  gang  of  men  who  were  breaking  up 
the  large  flat  stones  which  then  had  arrived  at  the  surface.    There 
are  many  parts  of  the  Lancaster  road  tliat  now  bear  witness  against 
this  injurious  practice;  but  the  Reistertown  road,  near  Baltimore, 
two  or  three  years  ag^,  afforded  the  strongest  proof  against  the  me« 
thod  of  making  roads  by  beginning  with  a  stratum  of  large  stones, 
that  I  have  observed ;  for  it  was  hardly  passable  for  horses  or  light 
carriages,  on  accoimt  of  innumerable  loose  stones  lying  and  roll- 
ing in  the  horse  path.    The  mode  often  adopted  in  covering  tusw- 
pike  roads  is  not  very  judicious,  namely,  to  lay  tk^  iXma^  ^vixl  \sk 
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the  road  as  they  come  from  the  quarry,  and  breaking  them  after- 
wards  upon  the  road  itself.  It  is  no  doubt  the  easiest  method,  and 
can  be  afforded  at  a  less  expense.  But  on  the  other  hand  it  is  open 
to  great  deception,  and  a  very  active  overseer  may  be  persuaded 
by  appearances  that  the  size  of  the  stones  is  uniform,  while  the 
small  ones  cover  large  unbroken  frag^ncnts.  If  the  stones  arc 
broken  up  at  the  side  of  the  road,  and  shovelled  on  from  the  heap, 
no  such  deception  can  take  place. 

C. 

There  is  no  word  so  little  understood,  or  so  much  abused  as  the 
word  economy.  In  nine  cases  out  of  ten  in  which  it  is  attempted  to 
be  practised,  its  true  meaning — the  meaning  proved  correct  by  the 
result— is  the  ivaste  of  iicnorance  or  of  incTfierience.  The  pro- 
verb, "  Nothing  is  cheap  that  is  useless,'*  is  like  most  other  pro- 
verbs, fraught  with  an  important  lesson. 

Nothing,  in  fact,  is  so  cheap  as  the  best  workmanship  employ- 
ed on  the  best  materials.  Labo<ir  is  productive  in  proportion  as 
it  is  cheerfully  performed ;  and  no  labour  is  cheerfully  and  well 
performed  that  is  inadequately  paid.  Materials  arc  chcap^  in  pro- 
portion as  they  are  durable,  and  as  the  labour  employed  upon  then 
is  employed  in  sufficient  quantity  and  with  judgment.  The  bad 
condition  and  the  unproductiveness  of  the  stockholders  of  manj 
of  our  turnpike  roads,  is  to  be  attributed  to  the  hard  barganiSi 
that  is,  the  cheap,  bargains  under  which  they  were  originally  madCi 
and  the  cheafi  materials  of  which  they  consist. 

When  however  an  important  communication  is  for  the  fini 
time  to  be  opened,  and  when  after  every  exertion  that  patriotism, 
and  local,  and  personal  interest  combined,  can  make,  a  fund  oolj 
adequate  to  make  an  indifferent  road,  can  be  raised— I  then  agree, 
that  at  all  events  tlie  work  should  be  9ome  how  performed,  or,  as  our 
road-makers  say,  <'  any  how.**     Such  a  road  will  always,  before  ic 
becomes  a  g^ood  road,  cost  more  in  money,  tlian  a  road  well  and 
permanently  made  at  first,  and  undertaken,  not  by  the  lowest  bid- 
der, but  by  men  who  have  honest  principles  and  regai'd  their  en- 
gagements and  their  character,  more  than  the  amount  of  the  pro- 
fit  they  may  make.     Such  men  I  have  employed,  and   they  are 
;:ot  difficult  to  be  found.     But  it  is  hardly  possible  that  a  good 
ro'id  can  cost  too  much,  if  the  benefit  to  the  commur/uy,  and  not 
.0  the  stockholders  is  con2>idcred. 

D. 

The  first  turnpike  roads  made  in  the  county  of  Essex,  in  £n^ 
IdAiil  over  the  pcr[v?s*Ay  \cvc\  ^tcV  ^'t  \\«r  co^\A.^^«Stfl  I  believe  all 
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level  turnpike  roads,  in  level  countries,  which  were  construct* 
D  the  early  period  of  this  improvement  of  the  public  highways, 
B  made  on  thjis  principle,  namely,  of  an  alternate  artificial 
!nt  and  descent. 

Silj  memory  however  furnishes  me  only  with  perfect  knowledge 
le  fact ;  and  I  regret  that  I  cannot  point  out  the  source  of  infor* 
on  fix>m  which  I  derived  it.  I  recollect  however  passing  over 
k  a  road  in  the  hundreds  of  Essex,  during  some  part  of  my  re- 
nce  of  about  ten  years  in  England  (about  20  years  ago)  and  I  also 
diect  having  assigned,  as  reasons  why  the  method  was  disconti- 
d,  that  it  was  much  more  expensive  than  to  barrel  the  roads 
^ve  them  a  convex  surface)  and  that  the  lowest  parts  were 
to  be  overflown.  These  are  good  reasons,  although  the  dis- 
led  method  is  certainly  preferable  to  that  which  succeeded  it. 
s  overflowing  of  the  lower  parts  or  kennels  would  be  avoided 
:ulverts  or  drains  across  the  road.  I  know  in  our  country  no 
msive  levels,  in  which  the  soil  is  clay,  and  of  course  m  which 
roads  are  apt  to  be  miry  excepting  the  levels  in  the  county  of 
quier,  in  Virginia,  alfDunding  in  copper  ore,  and  in  which  are 
sources  of  the  Occoquan.  In  Jersey,  Delaware,  and  Mary- 
,  there  are  level  and  extensive  clayey  swamps,  but  all  these 
be  drained,  by  carr)'ing  the  drains  to  a  sufficient  distance. 
ing  had  occasion  in  the  Peninsula  between  tlie  Delaware  and 
sapeake  to  ruii  many  miles  of  level  through  such  flats,  I  have 
dthemallto  descend  Ginchcsin  a  mile  to  the  S.  E.  In  such  si- 
ions,  the  whole  road  to  the  width  of  two  rods  (33^)  should  be 
»d  above  the  level  by  the  contents  of  deep  and  wide  ditches  on 
1  side,  before  the  hai*d  material  is  carried  on  them.— -And  in 
Dpffiion  they  should  be  made  perfectly  flat,  if  not  concave  with 
ksional  ditclies  and  culverts  oi*  bridges  across  them.  To  make 
d  roads  over  a  rolling  country,  little  art,  but  much  labour,  is 
lircd.  The  most  difiicult  task,  and  that  requiring  the  most  art, 
>  make  a  good  road  over  a  level  clay  country. 
[n  the  level  country  between  Retford  and  Gainsborough,  in 
^tamd^amUthroughout  the  clay  flats  of  the  counties  of  Notting- 
I  and  Lincoln,  a  sort  of  horse  path  exists,  the  continuation  oi 
ch  is  ascribed  to  the  Romans,  and  which  is  certainly  notofvc- 
nodem  date.  These  paths  are  ditches,  the  bottoms  of  which 
filled  witli  sea-beach  pebbles,  (shuigle.) 
In  several  visits  to  that  part  of  England  I  never  saw  them  free 
n  water ;  and  have  rode  in  them  many  miles,  always  wet  above 
horses  fct-locks.     They  are  to  this  day  an  excellent   hors^^ 
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path  in  the  mo3t  miiy  country  in  the  world.*— I  was  informeil  tbit 
thef  had  never»  within  the  memory  of  man,  been  replenished  with  ^ 
fresh  pebbles.    The  proposition  may  seem  strange, and  will  bead 
doubt  ridiculed,  but,—- if  travelling^  in  water  were  not  disagree* 
able,— I  cannot  help  thinking  that  over  a  fiat  wet  country  auchi 
ditch  road  20  Gcet  broad,  filled  with  gravel  or  pebbles^  or  broktt 
stones  a  foot  deep  in  the  bottom  and  having  not  more  than  m 
inches  of  water  upon  it,  would  be  the  best  possible  road  that  cooU 
be  made.  One  cause  of  destruction  would  be  avoided,  the  washin; 
away  of  the  hard  particles  separated  by  attrition ;  they  would  al- 
ways remain  and  fill  the  interstices  so  as  probably  in  time  to  conveil 
the  road  into  a  sort  of  rock.— Nor  would  the   frost,  another  powtt^ 
ful  destroyer  of  roads  affect  it. — But  it  is  useless  to  discuni 
method  which  will  never  be  used,  and  for  which  fortunately  «• 
have  no  frequent  occasion. 

Mr.  Wilkes,  an  opulent  banker  in  London,  who  posBCiied 
large  estates  in  the  county  of  Derby  in  England— -and  a  spirit  of 
enterprise  combined  with  uncommon  force  of  intellect,  engaged 
largely  in  the  making  of  turnpike  ix>ads  in  that  county,  and  in  coa- 
vcrsations  with  him  on  that  subject,  I  have  received  more  iofo^ 
mation  than  from  any  other  source  whatever. 

His  roads  were  the  best  in  England.  On  to  some  of  them  he 
had  led  a  running  stream  of  water ;  all  that  I  saw  were  somewfait 
concave  instead  of  convex.  But  least  I  should  misstate  any  thii^ 
respecting  them,  for  want  of  correct  recollection,  I  will  coDtenl 
myself  with  this  notice  of  his  operations,  in  order  tliat  you  or  aome 
of  your  correspondents  may  be  led  to  enquire  whether  or  not  som&> 
thing  has  been  published  by  himself,  on  this  subject.  I  have  t 
faint  idea  that  I  have  seen  a  description  of  the  principles  iM  me* 
ihod,  by  which  he  constructed  his  roads,  in  print. 

E. 
These  oblique  gutters  are  defended,  as  stopping  places  for  ctf- 
riages.— It  is  indeed,  in  common  humanity,  proper  to  stop  in  thv 
gutter,  after  the  horses  have  exhausted  themselves  by  dragging  v 
waggon  or  carriage  over  the  ridge.    But  if  the  wag^goner  would 
carry  along  with  him  a  block  of  wood  with  a  handle,  by  way  oft 
%cotchy  (catch)  to  his  wheel  he  could  stop  wliere  he  pleated. 
The  roller  used  in  England  would  answer  the  same  purpoae,  but 
although  it  effectually  prevents  the  injury  which  might  occur  hf 
the  waggon's  running  back  unexpectedly,  it  is  not  otherwise  abet- 
ter, nor  a  more  convenient  contrivance  than  the  block. 

Should  the  papers  I  now  send,  be  honoured  with  a  place  in  ta» 
Emporium,  I  will  cn&wiQiattA  coUea  all  the  inTonnatioD  ^P^  f  t 
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lie  roadsy  which  my  professional  experience,  or  the  books  which  I 
pbuesS)  or  to  which  I  can  gain  access  may  furnish  and  transmit 
Uto  you.  Much  is  also  to  be  said  on  the  subject  of  wheel  car* 
tiageS)  and  the  hint  you  have  thrown  out  respecting  the  employ- 
amt  of  small  carriages  in  greater  number,  instead  of  heavy  wag- 
gons, is  well  worthy  of  investigation. 

B.  H.  LATROBE. 
Pittaburgj  Feb.  10,  18  U. 

I  need  hardly  say,  that  I  shall  be  greatly  obliged  by  Mr.  La* 
Mbe's  future  communications  on  this  impoitant  subject,  so  little 
vdentood  up<Hi  piinciple,  in  the  United  States.  My  own  col* 
hedons  on  the  subject  of  roads  and  one  horse  carts  in  particular,  I 
viD  endeavour  to  introduce  (if  I  can)  in  the  next  number :  per* 
Muled  that  though  this  be  not  a  popular  subject,  it  is  a  subject  of 
ipeit  minnent.  T*  C. 


ABSORPTION  OF  DEUQUESCENT  SALTS. 

Table  of  Effloreaccnt  and  Deligueacent  Salta.  By  M.  Cad£T« 

26  Till,  Mag.  942. 

EfBorescent  Salts.    28S  gnuns. 

Sttlph.     Soda  in    61  days  lost  of  water     -    203jgp^aifi8. 

Phoaph.  Soda  39        -  -         -  91 

Carbon.  Soda  51        .        -        .        .  85 

Deliquescent  Salts  288  grains  absorbed 


Nitrat  Soda 
Lime 

Magnesia  73 

Alumine  147 

Copper  128 

Zinc  124 

Antimony  124 

Manganese  89 

SluriatLime  124 

Magnesia  \^^ 

Alumine  149 

Copper  119 

Zinc  76 

Vol.  m. 


137  days 
147 


257  grains. 

443 

207 
SOO 
397 
495 
S88 
527 
684 
441 
343 
148 
294 


298 


3                          Manufactures. 

Bismuth     11 4 

- 

•               m 

ir4 

Antimony    124 

• 

• 

388 

Manganese  105 

- 

- 

629 

Acetite  Potash       146 

- 

•               • 

700 

Alumine     104 

- 

- 

203 

Acidsulph.  alum.  121 

- 

- 

202 

Phosph.  Lime          93 

• 

- 

155 

MANUFACTURES. 

A  Letter  to  a  friend  of  the  Editor^  on  Mant{fa€turgt, 

Sir— As  I  believe  to  promote  the  mtemal  improvementi dp- 
mestic  trade,  and  industry  of  this  country,  is  amongst  the  grcHett 
services  that  can  be  rendered  its  society,  you  will  not  be  soipriied 
at  my  solicitude  to  engage  your  powers  and  influence  in  favor  of  a 
policy,  in  my  opinion  so  perfectly  adapted  to  preserve  the  govoiip 
ment  from  the  conflicts  with,  and  influence  of  foreign  uitioitt;  k- 
separable  from  a  dependence  on  them  for  what  is  naturftUyi  orlM 
by  habit  become  necessary  to  our  citizens. 

It  has  already  been  noticed,  that  Britain  by  the  appIicatiaBtD 
the  affairs  of  society,  of  the  powers  of  gravity,  expansion,  the  vaiioo 
mo<fificatlons  of  the  mechamcal  principles,  chemistry,  all  the  aiti 
and  sciences,  in  short  bringing  to  the  service  of  her  manufiictnitn^ 
fire,  air,  earth  and  water,  gives  to  each  of  them  the  power  of  pi^ 
ducing  sufficient  to  exchange  for  the  labour  of  many  agricuKn^ 
alists,  or  persons  employed  in  occupations  that  can  only  be  per- 
formed by  mere  human  labour.  Let  ua  endeavour  to  explain  thb 
imperfect  subject  and  form^some  computation  of  wh:^  she  gum  m 
money,  and  then  estimate  from  this,  the  number  of  human  beings  it 
would  require  to  produce  by  their  labour  such  an  amount. 

It  is  proper  to  premise,  that  the  sums  are  stated  on  coojectnie; 
but  the  principle  is  con*ect ;  and  this  paper  is  only  intMided  to  act 
Tou  at  work.  The  true  data  can  be  found  in  public  documoits, 
and  British  works  on  political  economy,  while  much  assistance 
may  be  had  from  Cooper,  Fulton,  T.  Cox,  Bolman,  &c. 

In  the  last  published  number  of  the  Empoiium,  I  think  Cooper 
states  the  saving  to  tlie  British  from  using  Watt  and  Bolton's 
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itcain  engine,  at  75,000/.  a  day,  or  in  round  numbers,  at  twenty-fire 
Bullions  per  annum :  so,  heading  the  account  with  this, 

1st  Annual  saving  by  Watt  and  Bolton's  steam 
aigine  at  -  -  -  -  -  25,000,000/. 

3d.  Arkwright's  spinning  in  all  its  varieties     -      40,000,000/. 

3d.  Bridgewater*s  canal  system  including  rail 

ways  ----..        7,000,000/,. 

4th.  Threshing  mill  equal  to  1 50  days  labour  at  2s.  6d.  on 
LOO  acres  farmed  after  the  sdle  of  the  Lothians  neat  Edinburgh, 
•od  renting  at  3  or  400/.  per  annum. 

This  last  item  I  cannot  fill  up  for  want  of  documents  to  shew 
Qw  extent  of  cultivated  land  in  Britain,  and  the  use  of  tlireshing 
aachines  thereon.  But  the  saving  from  this,  and  the  improve- 
Bent  of  ploughs  is  very  great ;  and  enables  the  government  of  that 
oooittiy  to  tax  all  the  land  15  per  cent,  per  annum  on  its  real  rent- 
al There  may  be  other  grand  items  that  should  be  added  to  this 
loooonty  and  may  possibly  be  suggested  by  the  persons  mentioned. 
Tb  detail  all  the  minor  improvements  that  have  been  made,  by  em- 
Ikjing  the  Tilt  hammer.  Roller,  Screw,  Sec.  in  doing  what  other 
CNiiitries  perform  by  the  hammer,  and  manual  labor,  weaving  by 
WbTi  and  having  excellent  roads,  &c.  &c.  is  not  necessary  here  to 
ilile»  and  would  require  knowledge  I  do  not  possess ;  so  these  shall 
be  thrown  in,  to  keep  the  grand  account  entire. 

TaUng  the  total  amount  of  saving  by  these  four  g^rand  im- 
pmements  at  75,000,000/.  sterling  per  annum— and  three  shill- 
agi  and  four  pence  to  be  equal  to  one  day*s  wages  of  a  manu- 
fcctnring  workman,  who  for  Sundays,  holidays,  and  sickness,  loses 
flriy  65  days  in  the  year,  (making  50/.  sterling  a  year)— it  equals 
the  wages  of  1,500,000  men.*  This  prodigious  saving  of  human 
hboar  by  manufactures  and  machinery,  is  the  principal  source 
vUch  furnishes  the  means  by  which  Bntain  supports  her  expen* 
die  government,  her  army,  navy,  clergy,  nobility,  revenue  officers, 
siMkBesi  Sec.  which  enables  her  to  make  roads,  canals,  &c.  This 
pTes  her  the  command  of  1,500,000  surplus  men  upop  an  equal 
population,  whenever  tlicy  are  wanted  for  national  purposes.  Part 
of  this  she  will  lose  by  other  countiies  adopting  the  same  system, 
Qd  working  in  the  same  manner  for  themselves  or  their  neigh- 
boors  :  her  statesmen  are  sensible  of  this,  and  do  all  they  can  to 
I^tvcnt  it. 

*  The  mtnuficript  has  it  750,000  mca.  T.C. 
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Now  this  addition  of  men  whose  work  is  performed  by  mar 
chineiy,  requires  neither  food,  clothing,  or  lodging ;  the  produce 
is  clear  gain,  and  adds  more  to  the  resources  of  a  country  like 
Bi-itain  where  collecting  taxes  is  so  well  understood,  than  the  td- 
dition  of  German,  Russian,  or  French  territory,  on  which  there 
existed  thrice  the  number  of  agricultural  inhabitants. 

The  success  of  manufactures  depends  on  a  decided  national 
approbation  and  support ;  it  is  to  manufactures  we  must  look  for 
the  improvement  of  tlie  country^  by  introducing  good  roads,  cantls, 
and  rail  ways.  These  in  their  turn  will  raise  the  value  of  land, 
and  enrich  and  make  comfortable  the  fiarmer  ;  for  generafly, 
though  our  farmers  arc  wcaltliy,  they  experience  the  plagues  of 
poverty  from  not  being  able  with  ease  to  convert  their  abundance 
Into  the  common  medium  of  commerce,  owing  to  the  market  be- 
ing so  far  from  them. 

You  must  be  very  sensible  such  a  system  of  home  manufactore 
must  have  great  influence  in  keeping  America  out  of  European 
•quabbles :  this  is  very  important  ;  and  considering  tlu^e  fiftt»  at 
least  of  the  shipping  merchants  for  the  last  nineteen  years  of  ny 
own  experience,  have  either  broken  during  their  lives,  or  died  in- 
solvent, it  furnishes  room  for  reflection  and  inquiry  a  little  farther 
into  the  mercantile  system,  before  we  assign  to  it  all  the  good  con- 
sequences which  its  friends  are  willing  to  suppose. 

I  would  not  from  what  has  been  said,  have  you  conclude  mj 
opinions  are  hostile  to  commerce ;  on  the  contrary,  I  c<»sider  it 
essential  to  civil  society :  but  its  brilliant  and  stiiking  character  has  a 
tendency  to  mislead  our  judgment  and  induce  us  to  consider  it  al- 
most  exclusively  as  the  source  of  productive  wealth ;  which  isaot 
the  fact ;  its  foundation  is  on  wealth  already  pix>duccd ;  but  though  it 
is  an  effect  growmg  out  of  agriculture  and  labour,  I  acknowledge 
that  in  its  tui*n  it  becomes  a  cause  and  asdsts  the  parents  who  gite 
it  birth.  The  brilliancy  of  foreign,  is  greater  than  domestic 
merce,  but  in  my  opinion  far  less  important.-— Of  this  truth 
tain  is  everyday  becoming  more  sensible  ;  and  her  writers  on  poll* 
tical  economy  now  acknowledge,  that  her  domestic  is  at  least  six 
times  her  foreign  commerce. 

Would  it  be  advisable  for  the  president  to  recommend  the  coo- 
sidei^tion  of  this  subject  to  Congress  ?  Would  it  be  of  advantage 
to  the  nation  to  have  a  department  under  a  minister  or  secrcttiy 
of  domestic  affairs  \  The  time  is  coming,  when  the  nature  aiid 
ftxU'ntofour  concerns  will  require  e  scp?j'ation  of  the  foreign  anrf 
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domesUc  offices.  It  seems  to  me  that  order  and  expedition  can- 
not be  preserved  without  sometliing  of  the  kind>  but  perhaps  we 
are  not  yet  ripe  for  it.  However,  under  these  impressions  I  sub- 
init  to  your  consideration  the  following^  remarks.    Your%  &c. 

J.  R. 
May  22^  1814. 


ON  MANUFACTURES*    ^^ 

Sir— I  find  it  much  more  difficult  to  express  on  paper,  in  any 
thing  like  methodical  order,  ideas  on  manufactures,  cunmierce,  and 
political  economy,  than  to  talk  about  them ;  but  it  is  pretty  evidcni, 
and  of  course  easily  said,  that  the  country  that  has  its  productive 
powers  of  labour  and  cafiitaly  duly  apportioned  into  the  three 
grand  divisions  of  social  employment,  agriculture,  manufactures, 
and  commerce,  will  be  the  most  independent  of  foreign  nations ; 
imd  its  citizens  will,  in  the  most  perfect  manner,  not  rival,  but 
support  each  other.  On  the  contrary,  a  country  all  agricultural 
or  commercial,  while  dependent  on  foreign  nations  for  necessaries 
and  comforts,  has  all  its  citizens  rivals  to  each  other.  Farmers  have 
little  occasion  to  buy  wheat  and  potatoes  from  each  other ;  but  the 
weaver,  spinner,  and  sm'.th,  must  purchase  these  articles;  and 
their  labour  produces  shovels,  yam,  and  cloth,  with  which  they 
directly  pay  the  farmer  for  his  grain,  beef,  cotton,  &c.  or  have  the 
operation  done  through  the  merchant,  as  the  common  agent  or 
factor. 

As  the  United  States,  heretofore,  have  been  occupied  chiefly 
with  agriculture  and  commerce,  the  country  has  been  too  depend- 
ent  on  foreign  nations,  and  the  people  rivals  to  each  other.  The 
consequences  of  which  have  been  very  considerable.  The  inte- 
rior is  drained  of  its  increa^e^  to  pay  for  foreign  neccntaricM  ;  the 
product  of  the  farmer  sells  at  a  price  reduced,  in  proportion  to  the 
expense  of  conveying  it  to  the  consumer;  which  on  heavy  or 
bulkly  articles,  such  as  flour  and  cotton,  must  be  very  great,  when 
the  producing  places  arc  at  Boston,  Pittsburgh,  or  Augusta,  and 
the  consuming  places  Paisley,  Birmingham,  or  Madrid.  The 
commercial  class  is  too  numerous ;  and  their  rivalship  unduly  rais- 
es the  price  of  domestic  articles  at  home,  and  lowers  them  abroad ; 
the  consequence  of  which  is,  that  three  fifths  of  tlie  merchants  on 
an  average  during  the  presidencies  of  Messrs.  ^Vashington, 
Adams,  Jefferson}  and  Madison,  have,  either  io  the  course  of  theii* 
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lives,  or  at  death,  been  insolvent.  The  introduction  of  manufac* 
lures  g^atly  alters  tins  state  of  things,  by  affording  employment 
fer  all  kinds  of  genius,  and  any  amount  of  capital ;  draws  the  super- 
tbundance  of  men  and  money  employed  in  commerce,  into  manu- 
fiictures ;  and  bringing  the  consumer  into  the  farmer's  neighbour- 
hood, can  afford  to  pay  him  a  higher  price  than  he  has  heretofore 
received  from  the  merchant ;  and  at  the  same  time,  the  consumer 
buys  every  thin^  at  a  price  much  below  what  it  would  have  cost, 
had  he  reside^.. « Manchester  or  Glasgow ;  in  short,  between  them 
they  save  all  the  costs  and  charges  incident  to  land  and  water 
transportation,  agencies,  commission,  insurance,  custom-house 
fees,  and  the  whole  list  of  direct  and  indirect  foreign  taxatioo ; 
it  is  introducing  into  society  the  labour-saving  principles,  now  well 
understood  iu  manufactories.  It  would  be  unnecessary  employ- 
ment to  enquire  into  the  pro's  and  con's  on  the  policy  of  manu&c- 
turing,  urged  twenty  or  thirty  years  ago.  The  astonishing  im- 
provement of  arts  and  sciences  has  settled  the  question. 

The  propriety  of  manufacturing,  might  be  questioned  when 
the  whole  power  of  one  mdividual  was  employed  in  making  a  sin- 
gle thread ;  when  human  beings  carried  on  tlieir  backs,  coals  and 
minerals  from  tlie  bottom  of  mines.  A  whole  day  was  required 
by  one  man  to  make  10  or  121bs.  of  naila.  But  every  thing  b 
changed.  Now,  all  the  powers  of  gravity  and  expansion,  the  ele- 
ments of  fire,  air,  water,  &c.  Sec.  are  placed  under  the  controul  of 
man,  and  rendered  equally  subservient  to  his  objects,  whether  de- 
licately minute,  or  ponderous  and  bulky.  A  fibre  of  cotton  or  a 
bar  of  copper,  are  managed  with  equal  facility,  and  the  «ids  in 
view  attained  with  the  san\e  accuracy.  Capital  employed  in  form- 
ing a  dam,  race,  and  saw  mill,  places  a  little  ripple  or  a  great 
stream,  under  the  command  of  aTew  men,  and  makes  it  perform  the 
labour  of  hundreds,  at  no  expense  of  food,  lodging  or  raiment 
The  same  observation  applies  to  tlie  steam,  and  all  other  engines ; 
so  that  manufactures  are  to  nations,  equivalent  to  encreasing  their 
population.  On  reflecting  upon  these  great  improvements,  the 
mind  is  struck  with  surprize,  that  no  discoveries  have  been  made 
to  abridge  tlie  manual  labour  of  husbandry.  Af^er  the  threalung- 
mill  and  cradle  scytlie,  there  is  nothing  of  au^  consequence ;  nor 
fj-om  the  nature  of  agricultural  operation,  is  there  a  prospect  of 
much  alteration ;  and  it  is  very  probable  that  tlic  United  States, 
in  exchanging  her  agricultural  products  with  some  of  the  Euro- 
pean Mtinna  for  their  goods  manufactured  by  the  agency  of  machi- 

\  labour  of  four  farmers  for  one  manu&icturer. 
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Amongst  tlie  consequences  resulting  from  this  accession  of  ma- 
nufacturing and  mechanical  power,  is  the  ability  accruing  to 
these  nations,  of  maintaining  great  armies  and  navies ;  too  often 
employed  to  annoy  the  very  persons  who  buy  their  wares. 

It  must  be  evident,  that  to  bring  into  the  service  of  man  the 
mighty  agents  alluded  to,  and  set  them  at  work  in  preparing  hia 
food,  cloathing,  necessaries  and  luxuries,  by  habit  become  neces- 
sary ;  much  capital,  [accumulated  labour,  or  in  other  words  the 
product  of  labour  not  consumed,]  must  be  invested  in. machinery 
and  apparatus,  which  ixquire  time  and  labour  to  set  up.  Whereas 
all  that  a  woman  wants  to  enable  her  to  spin  one  thread,  is  a  wheel 
and  reel,  which  can  be  procured  for  four  dollars ;  and  this  is  ten 
times  the  sum  necessary  to  fit  her  up  with  a  distaff;  a  business 
like  this,  may  be  begun  and  laid  aside,  on  the  exigencies  of  a  week. 
Not  so  the  other.     Before  a  thread  can  be  made,  many  thousand 
dollars  must  be  expended  on  the  mill  and  apparatus.    A  nation,  to 
avail  herself  of  the  benefits  growing  out  of  the  great  improvements 
that  have  been  introduced  into  the  arts  and  sciences,  must  cherish 
the  infan^  efforts  of  her  citizens  by  judicioua  and  etable  laws,  and 
inspire  them  with  confidence  to  embark  their  property  and  time  in 
those  undertakings.    A  manufacturer  and  his  capital  have  a  fixed 
character,  they  cannot  be  changed  like  the  merchant.    Unde^ 
these  circumstances,  no  nation  will  progress,  except  her  legisla- 
ture contributes  pi-otection ;  and  the  farther  other  countries  have 
advanced  before  she  begins,  so  much  stronger  is  the  protection  re- 
quired. The  United  States  possessing  vast  resources  in  the  vigour 
and  activity  of  her  people,  extent  and  quality  of  soil,  uniformity  of 
government  and  language,  mines,  forests,  &c.  Sec,  I  once  thought 
that  a  fixed  duty  of  35  per  cent.,  would  be  sufficient  to  cherish 
those  manufactures  essential  to  her  independence  and  wealth,  but 
on  more  maturely  weighing  the  subject,  t  think  the  import  should 
be  reused  to  fifty ;  that  in  two  years  from  the  termination  of  the 
present  war,  5  per  cent,  should  be  taken  off  the  import,  and  at  the 
end  of  three  years  another  5  per  cent.,  and  at  the  ead  of  four  years 
a  farther  reduction  uf  5  per  cent,  and  the  remaining  35  per  cent 
to  be  considered  perpetual.     This  gradual  way  of  lowering  the 
duties,  would  be  favourable  to  the  revenue,  the  manufacturers  and 
holders  of  foreign  goods.  A  rapid  induction  will  be  most  mischiev- 
ous to  botli  the  latter,  and  this  cautious  way  of  proceeding,  would 
afford  time  to  apply  any  special  remedies  that  particular  cases 
might  require.  .  It  will  soon  be  fiiund  that  many  particulars  can 
maintaun  their  ground  advantageously,  at  much  lower  \ktQ^%oi\v^ 
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duties  than  35  per  cent.;  indeed,  there  is  no  doubt  tliat  after  a  home 
manufacture  is  under  way^  and  has  for  some  time  got  possession  of 
the  market,  it  can  combat  the  foreign  one  with  greater  cfifect  at  a 
duty  of  10,  5  or  no  per  cent  than  it  did  in  infancy  at  fifty.* 

Compared  with  the  duties  of  importation  imposed  by  foreign 
nations,  50  per  cent,  is  low.  I  think  the  duty  on  a  yard  of  wooUea 
goods  imported  into  Britain  is  S  6  23  cents,  be  its  quality  what  it 
may ;  even  the  raw  materials  of  cotton,  turpentine,  log^  of  woo4 
&c.  exceed  in  France  and  Britain,  what  is  here  charged  on  their 
gewgaws. 

The  mischievous  effects  on  the  settled  regular  business  of  a 
country,  from  excessive  importations,  arising  out  of  particular 
causes,  such  as  a  country  being  instantiy  shut  out  from  some  mar- 
ket heretofore  enjoyed  by  her ;  sending  the  excess  here,  gluts  the 
market,  and  stagnates  in  the  hands  of  the  manufacturer!  many 
months  produce :  this  is  a  serious  evil,  and  Britain  either  has 
guarded  herself  against  tiiis,  or  soon  seizes  the  event,  and  by  new 
duties,  tunis  it  to  the  account  of  her  revenue ;  some  such  proviskm 
should  be  made  in  the  United  States ;  I  am  strongly  impressed 
with  the  opinion,  that  from  this  will  come  the  ruin  of  many  of  oar 
ziianufacturers,  and  even  some  of  the  manufactures  themselves; 
but  50  per  cent,  would  extend  to  them,  a  fair  chance  of  success, 
and  nothing  farther  should  be  tried  at  present. 

In  such  a  population  as  Philadelphia,  there  are  now  nuxnbeis 
not  employed)  who  in  the  existence  of  manufactures  would  gaia 
considerably ;  and  the  aggregate  of  their  annual  wages,  would  be 
an  immense  sum  added  to  the  nation's  wealth. 

Indeed,  it  has  been  stated  by  some  political  writer  to  Napoleon, 
that  it  was  in  the  villages  of  France,  that  he  could  conquer  the  Bri* 
tish  navy.  Bonaparte  was  a  better  judge  of  military  affairs,  than 
of  political  economy,  and  rejected  the  plan.  Industry  is  not  so 
brilliant  as  military  exploits,  but  its  effects  are  frequently  more 
successful,  always  safer,  and  it  increases  the  resources  to  support 
the  latter.  If  congress  does  not  very  soon  act  decidedly  in  fiivour 
of  manufactures,  the  spirit  will  generally  languish,  and  probably 
some  of  the  estabUshments  perish :  which  would  be  a  circum- 
stance much  to  be  regretted,  as  in  tiiis  part  of  the  controversy 
with  the  enemy,  we  have  been  surprisingly  successful. 

I  am  respectfully, 

J.  R. 

*  Itwoald  appesr  tome  proteetion  quite  lufficieot^  if  beginning  wjth  50  per 
cent.  5  vwetskeoofferary  two  years,  till  the  pc^maaent  duty  sImM 

Jh»i  reeat.  T.C. 
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CHROMAT  OF  LEAD. 

Mr.  William  Hcmbel,  jun.  of  Philadelphia,  having  had  much 
experience  in  making  the  chromat  of  Lead,  I  wrote  to  him  for  hia 
process ;  which,  with  the  liberality  so  common  among  scientific 
Chymists,  he  has  been  good  enough  to  send  to  me.  I  have  seen 
ix>  specimens  of  the  colour  equal  to  what  he  has  made.    T.  C. 

DtAR  Sir, 

THE  great  difficulty  in  preparing  the  Chromat  of  Lead,  is  to 
preserve  an  uniform  colour  during  the  whole  precipitation  with 
nitrate  of  Lead.  Vauquclin,  Murray  and  other  writers,  found  the 
difficulty  so  insurmountable,  that,  they  concluded,  Chromat  of 
Lead  could  never  be  made  subservient  to  the  arts. 

In  my  first  experiments,  I  experienced  similar  disappoint* 
ments ;  prepossessed  %vith  the  opinion  of  Mr.  Vauquelin,  I  con* 
eluded,  that,  the  different  colours  of  the  same  precipitation,  were 
occasioned  by  different  quantities  of  alumina,  or  magnesia,  which 
the  chromic  acid  carried  down,  by  an  affinity  too  strong  to  be  in- 
terrupted, otherwise  than  by  the  regular  order  of  analysis. 

It  will  however  be  obvious  to  you,  that  such  a  proceeding  would 
be  totally  incompatible  with  the  despatch  of  the  manufactory,  even 
supposmg  that  the  manufacturer  possessed  the  talents  to  conduct 
such  complicated  processes,  which  it  is  often  necessary  to  modify, 
from  causes  which  can  only  be  appreciated  by  the  practical  chy* 
mist 

Disappointed  in  every  attempt  to  procure  a  deep  and  unifonga 
colour,  I  finally  separated  all  the  earths,  previous  to  adding  the  ni- 
trate of  lead ;  under  the  persuasion,  that  when  they  were  removed 
no  obstacle  would  remain  to  prevent  an  artifidai  product  being  ob« 
tained  equal  in  beauty  to  the  natural :  but  the  result  disappointed 
my  expectations,  and  at  the  same  time  instructed  me,  that  it  was 
not  the  eaitlis  only,  but  carbonic  acid  also,  which  hlid  hitherto  baf* 
fled  my  endeavours. 

I  had  long  satisfied  myself,  that  no  quandty  ci  acid  was  8Uffi« 
cient  to  expel  all  the  carbonic  acid  from  alkalies,  in  the  time  allot- 
ted to  processes  of  the  laboratory,  unless  the  solution  was  heated 
to  the  boiling  temperature  at  the  same  time ;  and  reasoning  from 
that  fact,  I  concluded,  that  the  carbonic  add^  which  the  alkali  of 
the  mtrc  acquired  during  the  fusion  of  the  mineral,  combined  with 
put  of  the  nitrate  of  l^d,  which  precipitating  with  the  chromat 

Vol.  Ill-  Q  q 
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of  lead,  occasioned  all  the  varieties  in  shades,  m  wliich  the  pig- 
ment was  exhibited  in  our  experiments.  Under  that  impression, 
I  digested  a  poilion  of  the  precipitate  which  I  had  obtained  in  for- 
mer experiments,  in  coW  diluted  nitric  acid,  a  slight  effervescence 
eDsued ;  and  the  colour  immediately  improved  to  a  lively  orange 
yellow :  nearly  equal  to  that  which  you  think  superior  to  any  you 
have  seen  prepared. 

The  result  of  the  above  experiment  suggested  the  following 
processes.  The  first  I  have  verbally  communicated  to  several  per- 
sons, who  have  undertaken  to  prepare  the  pigment  for  sale :  but, 
from  the  inferior  colour  which  they  produce,  I  fear  that  more 
knowledge  of  chymical  processes  is  necessary  to  enable  a  person 
to  conduct  the  second  than  is  common  to  mere  manuCacturers. 

1st.  Reduce  any  quantity  of  chromat  of  iron  to  a  powder  suffici- 
ently fine  to  pass  through  a  sieve  of  the  finest  bolting  cloth ;  tritu- 
rate half  its  weight  of  nitrat  of  potash,  and  mix  the  two  powdei-s  inti- 
mately together.  Introduce  the  whole  into  an  iron  pot  (I  use  the  pot 
of  a  cast  iron  glue-kettle,  havuig  a  cover)  and  add  as  much  water 
as  will  reduce  the  whole  to  the  consistence  of  thick  paste.  Place 
the  pot  on  some  lively  coals,  and  cause  the  water  to  boil,  stirring 
the  whole  occasionally  with  a  stick,  until  the  mass  is  dry ;  then  in- 
troduce the  pot  into  an  air  furnace,  and  heat  it  about  a  cherry  red ; 
but  be  careful  not  to  hicrease  the  temperature  as  long  as  oxygeo 
gas  is  evolved,  otherwise  the  pot  will  be  molted.  The  escape  of 
oxygen  gas  will  be  made  manifest  by  holding  a  live  coal  at  the 
juncture  of  the  pot  and  cover ;  as  long  as  oxygen  escapes,  the  coal 
will  bum  witli  increased  splendor ;  when  the  splendid  combuatioo 
ceases,  the  fire  should  be  augmented  until  the  pot  is  of  a  very 
bright  red,  and  kept  at  that  temperature  about  one  hour.  The 
{)ot  should  now  be  suffered  to  cool  in  the  furnace,  to  prevent  its 
cracking  by  a  sudden  change  of  temperature  ;  and  when  cold,  it  is 
to  be  well  wiped  on  the  outside,  and  placed  in  a  tinned  kettle  con- 
taining  a  large  quantity  of  water,  which  is  to  be  boiled  until  the 
mass  can  be  detached  from  the  pot ;  when  the  latter  may  be  with- 
drawn. The  boiling  must  now  be  continued  for  half  an  hour,  oc- 
casionally bruising  the  hard  mass  at  the  bottom  of  the  kettle,  after 
which  it  may  be  withdrawn  from  the  fire  and  suffered  to  settle  for 
a  few  minutes.  When  the  supernatant  liquid  is  clear,  it  is  to  be 
decanted  into  a  convenient  vessel,  and  the  kettle  filled  with  fresh 
water,  which  must  be  boiled  on  the  residuum,  and  the  process  re- 
peated as  often  as  the  liquid  appears  to  be  strongly  coloured.  Af- 
ter a  few  boiUhgs,  tlic  liquid  ^^thc  quantity  of  water  is  large)  wiH 
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be  so  faintly  coloured,  that  a  further  continuance  of  the  boiling  will 
be  a  waste  of  time ;  then  the  remainder,  which  consists  of  oxyded 
iron,  may  be  thrown  away,  and  the  kettle  rinsed  clean.  A  part  of 
the  liquid  is  now  to  be  introduced  into  the  kettle,  and  briskly  boil* 
ed,  supplying  the  waste  as  it  boils  away,  until  tlic  whole  is  intro- 
duced thei*ein  ;  it  should  then  be  concentrated  until  it  is  nearly  at 
the  point  of  cry  stall!  zuig  when  cold  ;  when  it  may  be  thrown  on  a 
filter,  to  separate  the  iron  which  may  remain  suspended  therein) 
together  wiUi  the  maj^nesia  which  will  have  precipitated. 

On  gr.iduaily  addiii^  nitric  acid  to  the  filtered  liquid,  a  precipi- 
tate will  ap|>ear,  which  is  the  earths  held  in  solution  by  the  potash 
of  decomposed  nitre,  and  disengaged  by  the  acid  combining  with 
the  alkali ;  but  attention  must  be  paid  not  to  add  the  acid  in  excess, 
otherwise  the  precipitate  will  be  immediately  re-dissolved ;  the 
better  way  v/ili  ])c  to  add  less  acid  than  is  deemed  necessary,  to 
separate  by  filtration  the  precipitate  which  may  appear,  and  to 
tlic  filtered  liquid  add  fresh  acid,  then  filter  again  and  repeat  the 
process  as  often  as  a  precipitate  falls ;  by  that  cautious  proceed- 
iog  the  separation  of  the  earths  may  be  considerably  approximated^ 
but  not  entirely  effected. 

Nitric  acid  is  now  to  be  added  until  the  solution  tastes  sensibly 
sour ;  it  is  then  to  be  boiled  in  a  glass  vessel,  and  whilst  boiling  a 
few  drops  of  acid  are  to  be  added  as  long  as  an  effcn-escence  or 
even  globules  of  air  appear  to  rise  from  below  the  surface  of  the 
Uquid,  on  each  addition  of  nitric  acid ;  when  they  cease,  the  solu- 
tion must  be  briskly  boiled  for  fifteen  or  twenty  minutes,  which  will 
completely  expel  the  carbonic  acid  which  may  remain. 

Into  the  above  solution,  either  hot  or  cold,  a  solution  of  nitrate 
or  acetate  of  lead  is  to  be  poured  ao  long  as  a  precipitate  appears : 
or  the  acetate^   if  clean^  may  be  added  in  powder  or  ium/uty  which 
I  think  preferable,  as  we  thereby  avoid  the  bulky  solution  which  if 
ao  very  inconvenient  where  capacious  glass  vessels  are  diflficult 
to  procure.     When  the  precipitation  is  completed,  it  should  be 
thrown  on  a  filter  and  well  washed,  by  filling  the  filter  fifteen  or 
twenty  times  with  boiling  distilled  water;  the  water  being  suffer* 
ed  to  run  entirely  off,  before  the  filter  is  again  filled.  As  tlie  beau- 
ty of  the  colour  and  the  property  of  drying  quickly  will  greatly 
depend  on  its  being  well  washed.     It  may  be  interesting  to  add, 
that  I  have  found  strong  boiling  of  river  water  a  good  substitute 
for  distilled ;  the  water  was  boiled  for  half  an  hour  in  an  open  ves* 
self  then  suffered  to  cool,  it  deposited  a  considerable  sediment  frf* 
vegetable  matter,  and  in  winteri  some  carbonate  of  Iusl^^  nvV^O^ 
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was  separated  by  filtering ;  the  water  was  again  boiled  in  a  clean 
Tessely  and  used  hot,  as  above  directed. 

After  the  lotions  are  concluded,  the  filter  may  remain  in  the 
funnel  for  34  hours  to  drain ;  the  funnel  being  covered  vdth  paper, 
to  prevent  the  pigment  being  injured  by  dust.  Sec. ;  the  paper  will 
then  bear  being  raised  without  danger  of  tearing,  and  may  be  Uid 
on  a  chalk  stone  to  dry,  with  a  sheet  of  bibulous  paper  laid  on  its 
surface. 

My  second  process,  which  furnishes  the  finest  specimens,  ii 
as  follows :— The  mineral  is  treated  as  in  the  former  process,  ex- 
cept that  instead  of  adding  nitric  acid  to  separate  the  carthMjrom 
the  concentrated  solution ;  I  add  a  saturated  solution  of  muriat  ^ 
ammoniaj  an  abundant  precipitate  imme(Uately  appears,  the  moriit 
of  ammonia  is  added  until  it  ceases ;  the  whole  is  then  thrown  on 
a  filter :  by  this  means  I  free  the  solution  of  all  the  earths.  Into 
the  filtered  liquid  I  add  nitric  acid  until  it  is  sensibly  sour,  and  b<»l 
immediately  i  whilst  boiling,  a  few  additional  drops  of  acid  are  ad* 
ded,  to  ascertain  whether  the  liquid  contains  any  carbonic  acidj  if 
an  effervescence  ensues,  or  small  globules  of  air  are  perceived  to 
rise  from  below  the  6ur£Bice,  more  acid  is  added  until  they  ceasci 
when  clean  acetate  of  lead  in  powder  is  imm^c/iare/y  added,  as  long  as 
chromat  of  lead  is  precipitated.  The  chromat  is  then  separsted 
by  filtration,  and  the  washing,  &c.  conducted  as  in  the  former  pro» 
cess. 

This  last  process  (if  properly  conducted)  always  produces  deep 
orange  colours  of  great  beauty.  Of  six  specimens  which  I  preps* 
jed,  no  ^fference  could  be  observed  in  the  shades,  by  the  nuMt 
discriminating  eye ;  but  it  is  indispensable  to  success,  that  there 
be  no  delay,  after  the  carbonic  acid  is  expelled  by  adding  mtiic 
moid  and  boiling :  as  the  muriatic  acid  of  the  muriat  of  ammonia, 
decomposes  part  of  the  chromic  acid,  oxymuriatic  acid  gas  i$  s- . 
bundantly  evolved,  and  the  solution  changes  rapidly  to  a  deirk  yel- 
lowish green,  the  decomposition  however  is  only  partial ;  yet  the 
least  delay  in  adding  the  acetate  of  lead  would  render  it  geneni, 
and  thus  defeat  the  previous  labour. 

With  respect  to  the  permanence  of  the  colour,  I  cannot  sij 
•  much  from  my  own  experience ;  the  opinion  of  artists  I  find  dif- 
ferent on  the  subject*  I  will  however  observe,  that  ix>  infeience 
should  be  formed  from  the  specimens  which  have  been  oflReied  to 
the  public ;  they  are  all  contaminated  with  carbonate  qf  Uud^  a 
pigment  which  is  well  known  to  blacken,  the  instant  it  comes  ia 
contact  with  sulphuretted  hydrogen  gas,  or  the  efiuvia  from  pu- 
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rid  aiumal  or  vegetable  matters ;  to  that  change  I  attribute  the 
leterioration  which  was  experienced  with  the  chromat  of  lead  hi- 
herto  used.  I  will  further  observe,  that  I  think  cul  made  drymg 
y  oxyded  lead,  should  not  be  used,  owing  to  the  great  affinity 
rhich  the  oxyds  of  lead  have  for  carbonic  acid,  particularly  when 
n  contact  with  substances  capable  of  affording  that  acid  by  de« 
iomposition.  I  will  not  say  that  I  know  the  oil  is  fiartly  decom« 
losed,  but  I  think  I  have  observed  the  phenomenon :  a  board  was 
Nuntcd  with  the  pigment  and  poppy  oil,  it  appears  to  stand  very 

rell. 

.   In  the  above,  sir,  I  have  endeavoured  to  lay  before  you  the  rea- 

loiung  which  led  to  the  processes  I  now  pursue;  should  you  pub- 
ifih  them,  no  person  will  be  disappointed  who  follows  them  faith* 

ally. 

Your  friend, 

WILLIAM  HEMBEL,  jun. 
Thomas  Cooper,  Esq. 

Professor  of  Chymistry, 

Carlisle  College. 
June  28th,  1814. 


COOKERY:  A  SALMAGUNbl. 

TifTTS^  luSixa  TftTSe^  cvi  ^uyapitnv  oXono* 

Miw  let  UB  think  abota  eufifier  :  for  the  fair  haired  Mobi  did 
\ot  forget  hermeahf  although  the  had  twelve  children  lying  dead 
ft  her  home, 

SO  spake  the  swift-footed  Achilles  to  king  Priam,  who  came 
o  beg  the  body  of  his  son  Hector.  Harry  Fielding,  too,  has  a  dis- 
lertation  in  Tom  Jones,  to  prove  that  even  violent  love  will  not  take 
Kwmy  the  necesuty  of  eating,  or  entirely  destroy  the  appetite  for  a 
piod  dinner.  Tlus,  in  my  opinion,  is  also  proved  by  the  common 
practice  in  every  country,  of  drinking  to  your  mistresses  health, 
wluch  presupposes  good  eating  to  be  washed  down  with  the  good 
wine  used  on  such  an  occasion.    The  same  inference  xoKf  \^  ^scis< 
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ly, though  indirectly,  deduced  from  the  old  proverb,  ^Excessive 
sorrow  is  exceeding  dry."  Hence  I  may  conclude  it  as  a  common 
practice,  that  whether  a  man  be  in  grief  or  in  love,  he  will  eat  a 
good  dinner  if  it  be  set  before  him,  and  the  stomach  calls  for  it 
Montgomery,  the  poet,  thinks  with  me  in  his  verses  while  in  pri- 
son. 

"  When  drest  I  to  the  yard  repair 

And  breakfast  on  the  pure  fresh  air : 

But  though  this  choice  Castalian  cheer. 

Keeps  both  the  head  and  stomach  clear, 

For  reasons  strong  enough  with  me 

I  mend  the  meal  with  toast  and  tea. 

Now  air  and  fame,  as  poets  sing, 

Are  both  the  very  self-same  thing. 

Yet  bards  are  not  camelcons  quite. 

And  heavenly  food  is  very  light ; 

Who  ever  din'd  or  supped  on  fame 

And  went  to  bed  upon  a  name  ?" 

So  in  the  old  song,  Bacchus  very  shrewdly  asks  Appollo, 

"  Who  ever  got  fat  at  the  sound  of  a  string  ?" 

Now,  every  common  practice,  that  is,  a  practice  universally  M-  i 
lowed  in  all  ages  and  nations,  may  be  considered  as  a  law  of  nature  J 
and  of  nations.  Thus,  Grotius,  L.  1.  cap.  1.  sect.  12.  parag.  1. 
sub  fin.  JurU  naturalia  e§ee  colligitur^  id,  quad  afiud  omnet  gtn- 
tea,  aut  tnoraiiorea  omnesy  tale  ease  creditur,  Alam  unxverwaUt 
rffcctus  unrveraalem  requirit  causam ;  talis  autem  exiatimatitmii^ 
cauBa  vix  ulla  videtur  /^  fiosacj  fir€ter  aenaum  iftaum  comwmr 
nia  qui  dicUur,*  In  support  wiiereof,  according  to  the  laudable 
practice  of  his  day,  (now  almost  suppressed  through  the  ignorance, 
idleness,  or  plagiaristical  concealment  of  modem  authors}  he 
gives  us  eleven  quotations :  to  wit,  one  from  Hesiod,  a  case  tf 
rectly  in  point,  as  the  lawyers  say ;  running  upon  all  fours ;  prapri' 
urn  quarto  modojtiS  the  logicians  have  it ;  together  with  a  dictum 
of  Heraclitus ;  three  passages  from  Aristotle ;  one  from  Cicero; 
one  from  Seneca ;  one  from  Quintilian ;  one  from  Porphyry;  one 
from  Andronicus  Rhodius ;  and  one  from  Plutarch.  To  makeup 
the  baker^s  dozen,  he  adds  in  a  note,  another  from  Aristotle  ; 
uiiother  from  Seneca ;    and  another  from  Quintilian ;  and  throvs 

*  This  ii  the  foundation  of  the  wonderful  discoveries  m  Dr.  BeittieV 

ih. 
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to  the  bargain)  still  one  more  from  the  last  author ;  and  a  spick 
id  span  nevr  citation  from  Tertullian.  His  annotator,  BarbeyraCi 
It  of  sheer  envy,  spite,  and  vexation,  because  these  annotations 
r  the  author,  rendered  unnecessary  those  of  his  commentator» 
tost  seditiously,  and  in  contempt  of  his  superiors,  declares,  omnia 
ta  loca^  si  duo  firiora  exci/iiasj  fiarum  ad  rem  referunt.  In  the 
une  prudent  spirit  of  leaning  upon  sage  authorities  (upon  a  brok« 
Q  reed  as  Horn  Tooke,  of  seditious  memory,  would  call  it)  my 
ird  Monboddo,  having  asserted,  that  '<  when  a  man  opines,  he 
uist  opine  some  thing;  and  therefore  the  subject  of  an  opinion 
;  not  nothing,"  does  not  venture  to  turn  out  into  the  world  so  pro- 
band an  observation,  improtected ;  he  therefore  fortifies  it  by  the 
ithority  of  Aristotle.  So  in  later  times,  the  very  learned  Dr. 
f agec,  now  professor  of  mathematics  in  tlie  college  at  Dublin, 
roves  the  doctrine  of  atonement  and  vicarious  suffering,  the  ab- 
olute  inefHcacy  of  repentance,  and  that  without  the  shedding  of 
lood  there  can  be  no  remission,  by  the  general  prevalence  of  hu- 
lan  saciifices  throughout  the  ancient  and  modem  world.  This  is 
doctrine,  which  if  an  unlearned  christian  finds  clearly  laid  down 
Ik  his  bible,  he  adopts  at  once,  and  looks  no  further.  Not  so  the 
sumed  doctor.  He  brings  his  case  into  court  witli  a  full  deter- 
unation  to  make  security  doubly  sure.  He  therefore  .  cites,  as 
ntnesses  in  his  behalf,  authors  of  all  ages  and  nations,  ancient 
nd  modem,  of  all  ranks  and  descriptions,  onginal  and  at  second 
laud,  in  most  erudite  and  overwhelming  confusion.  To  be  sure, 
Ad  he  an'anged  and  marshalled  them  either  in  order  of  date,  or 
eputation,  or  language,  or  subject  matter— had  he  distinguished 
letween  original  and  hearsay  testimony,  or  between  the  rules  of 
Tcdit  or  credibility,  he  might  perhaps  have  escaped  some  legal 
ibjections  to  testimony,  but  he  would  have  lost  ground  perhaps  in 
he  effect  and  grandeur  of  display. 

First  he  offers  to  the  court,  Herodotus,  and  Porphyry,  and  St. 
\ug^tin,  and  M.  de  Paauw :  then  Sanconiathon,  as  quoted  by  Philo, 
M  quoted  by  Eusebius.  Then  Keisler  the  modem,  and  Diodorus  the 
incient,  and  Manetho  the  Egyptian  as  cited  by  Plutarch.  (He  forgot 
ierosus,  who  generally  composes  one  of  the  firm  of  Sanconiathon 
Msnetho  and  Co.)  These  are  backed  by  Murtadi  the  Arabian,  who  is 
nipportcd  by  Mr.  Mauiice  the  Englishman,  and  M.  Savary  the 
b^renchman.  Then  we  have  an  account  of  the  oblations  of  the  Chinese 
iionarch  Ching-tang  from  Martui's  historia  Sinensis :  and  those  of 
liePersiansfrom  Herodotus,  and  Xenophon,  and  Arrian^  and  Strabo, 
ind  SuidaSy  whose  evidence  (to  clear  it  from  all  objection^  U  tiV.- 
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umphantlj  supported  by  Monsieur  Bamaby  Brisson !  Then,  lest  tfti 
Rev.  Mr.  Maurice  should  be  deemed  insufficient,  he  is  corroborat- 
ed by  Orme,  and  Sir  W.  Jones,  and  Mr.  Wilkins>  while  Holwell  and 
Dow  who  have  hitherto  passed  through  the  world  with  good  name^ 
fame,  credit,  character,  and  reputation,  are  on  this  occasion  uo- 
mercifully  lashed  by  the  learned  Doctor.     The  jury  are  then  en- 
lightened upon  the  devotional  practices  of  the  Druids,  as  detailed 
to  us,  by  Diodorus  Siculus,  and  Lucan,  by  Cxsar,  and  Tacitus. 
These  religious  acts  of  the  Druids  who  sacrificed  their  enendn 
taken  in  war^  were  nothing  however  to  the  pious  orgies  of  the 
Greeks,  who  cut  the  throats  of  their  friends  before  battle^  as  we 
sure  told  by  Phylarchus,  and  Pausanias,  and  Fulgentius,  and  Apol- 
lodorus,  and  Plutarch,   to  say  nothing  of  Suidas,   who  whis- 
pers a  few  greek  words  in  assent.    Upon  a   similar  subject, 
Plutarch,    Livy,  and  Pliny,  are   kept    in  countenance  by  the 
authors  of  the   Universal   History,  and  by  Porphyry.     Eviden- 
ces now  crowd  thick   upon  us;   some  are  introduced  for  the 
first  time,  others  for  a  second  examination :    Herodotus,  Strabo^ 
Jomandes,  Cicero,  Caesar,  Procopius,  Tacitus,  Pliny,  Sancooia- 
thon,  Plato,  Silius  Italicus,  Justin,  Ennnius  and  Diodorus,  succeed 
each  other  velut  undo  aufiervenit  undam.     All  these  testimoiucit 
a  man  well  red  in  indexes,  might  perhaps  have  mustered  wA 
great  labour,  as  Dr.  Magee  has  done :   but  the  Doctor  is  no  com- 
mon writer,  or  every  day  reasoner :   he  aims  to  ^  snatch  a  grace 
beyond  the  rules  of  art,"  and  to  fortify  the  scripture  doctrine  of 
atonement,  he  boldly  appeals  to  the  practice  of  the  Canaanites ! 
(Lev.  XX.  33.)  The  Hivites,Hittites,Amorite8,Jebusites,PeriziteSy 
and  so  forth,  are  passed  over.  Then  we  have  the  corresponding  cus- 
toms of  the  Arabians  again;  of  the  Cretans,  Cyprians,  Rhodiansi 
and  Phocxans ;  with  those  of  Chios,  Lesbos,  Tencdos,  and  PeDi, 
from  Porphyry  as  quoted  by  Eusebius,  and  from  Moniiaus  as  re- 
tailed to  us  by  Clemens  Alexandrinus.    So  that  the  uniteraality 
of  the  principle  and  practice  of  atonement  and  vicarious  si:fferiif  , 
in  the  heathen  world,  *^  cannot  reasonably  be  questioned^.*'    Lett 
however  it  should  be  questioned  by  some  unbelieving  wight^  the 
learned  Doctor  goes  on  more  fully  to  strengthen  his  positions,  by 
Euripides,  Tacitus,  Plutarch,  Pliny,  and  Plato,  attended  by  'Pft^ 
fessor  Meiners  and  Dr.  Cudworth,  who  vouch  to  warranty  all  tis 
ancients,  wherever  tlieir  testimony  can  be  pressed  into  the  ser 
vice. 

Then  the  Doctor  proceeds  to  shew  that  the  same  principle  anc 
practice  has  obtained  among  all  the  most  polite  and  dfiliMd  bar- 
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barians  and  lavages  of  modern  days.  Mr.  Thorkclyn  the  advo« 
cate  of  the  slave  trade,  leads  up  the  train  of  witnesses :  he  is  suc- 
ceeded by  Ditmarus  who  is  called  in  by  Loccenius.  Then  come 
Adam  Bremensls,  and  St.  Boniface,  Mallet,  (a  sad  rogue)  Jortin^ 
and  Fleury,  as  to  the  practice  among  the  northern  tribes  of  Eu- 
rope. Then  he  glances  over  the  various  nations  of  Africa,  vsA 
the  islanders  of  tlie  South  seas,  of  Ota-hai-te  and  Tongataboo,  cdi- 
ceming  whom  we  are  presented  with  the  testimony  of  Snellgrave 
and  captain  Cook.  As  to  the  American  savages  at  the  first  disco* 
▼eiy  of  this  continent,  Acosta,  Oomara,  Antonio  de  Solis,  Clavigero^ 
pve  ample  testimony.  The  East  Indian  rites  and  ceremonies  of 
ttmilar  description  are  attested,  by  Maurice,  Mickle,  and  Crau* 
finrd :  by  Dow,  Hoi  well,  Grose,  and  Buchanan :  not  to  mention  that 
indefatigable  and  unequalled  citcr  of  authorities,  Profeasaor  Mei« 
ner'a,*  who,  though  he  had  long  ago  forestalled  the  Doctbri  it 
kept  too  much  in  the  back  ground. 

^  Dr.  Alagee  is  original  only  in  his  mode  of  argument :  not  to  in  hii  bod/ 
of  qootations,  as  the  foUowing  extract  may  shev^  from  Meinenf  Syllabus  of  a 
Bistoiy  of  all  Ileligions. 

SECT.  VII.  Nor  was  it  less  universal  a  matter  to  ofier  peace  ofieringt 
vpon  misfortunes,  or  to  endeavour  to  avert  the  consequences  of  misconduct. 
Bipiatory  sacrifices,  and  trespass  offering  are  therefore  to  be  met  ydtb 
aaoiigst  all  the  nations  of  the  new  and  old  world.*  Nay,  they  have  support- 
•A  Iberoselves  amongst  such  nations  as  have  long  since  banished  efery  kind 
•rbbody  rite.f 

^  By  the  JEgyptians,  Hemd.  Plutarch.  L  e.  et  Schmidt,  p  312.  By  the 
faffaelites,  278,79.  Outram,  j>  118.  Mich.  Mosaic  Laws,  v  98.  3.  Mos.  5. 
^%  3.  also  c.  4.  and  16,  By  tlie  Greeks,  Plat,  de  RepoU.  li.  p.  102.  edit. 
Xtiiey.  The  Romans,  Liv.  c.  31.  c  12,  L.  34.  c.  55.  L.  28.  c.  11.  L.  29. 
M.  Plutarch,  in  Coriol.  ii.  p.  129.  By  the  Negroes,  Loyer,  p  248.  De  Bry» 
ll  SO.    And  the  Siberian  Heathens,  Georg.  p  389.    By  the  savage  Ameri* 

i»  p  348.  Charlev.  Jour.  By  the  Amboinese,  Valent.  iii.  10.  By  the 
I,  Koger,  i.  5.  ii.  c  15. 

t  ^y  ^1^  Heathen  Greeks,  and  Mahometans,  Sliaw,  p  333.  Guys,  i.  466. 

3  'SECT.  Tin.  Tlie  causes  which  led  men  to  ofier  other  tblngi,  iih 
9-  ctined  them  likewise  to  offer  up  men ;  they  therefore  either  offered  up  them* 
^  tdvet  willingly,  or  their  breihrcn  against  their  wills.  The  former  wu 
I)  eommonly  done,  for  three  reasons ;  either  to  follow  certain  persons  into  tno- 
^  tber  state,*  or  to  appease  their  angry  gods,  or  to  enjoy  the  feUcitj  of  another 
^    etale  earlier,  and  in  a  greater  degree. 

*  This  was  done  by  all  the  Scythian  and  Celtic  nations,  Css.  vi.  21.  T«r. 
e.  87.  German.  Herod.  Y.  Pellout.  10.  113.  119.  Ccmmt.  L  8L  si 
T^ivera.  ii.  162.  Historic.  Fragm.  ^126.  By  the  KiadM.  fc  te  ibdiif 
•eean,  Beeueil  dts  Voy.  desUaUaadoi^ 
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So  that  there  can  be  no  doubt  upon  earth}  but  the  principle  of 
vicarious  sulTering,  and  the  practice  of  human  sacrifice}  v^  ac- 
cording to  the  rule  laid  down  by  Grotius,  and  fully  adopted  in 
principle  by  Dr«  Magee,  part  and  parcel  of  the  law  of  nature  and 
nations. 

SECT.  IX.  Compulsive  human  ofTeringa  were  made  either  lor  the  nb 
of  obtaining  healthy  a  ▼ictory  or  some  oilier  blessing;  or  to  thank  them  kt 
favours  already  granted ;  or  to  learn  future  events  frvm  them ;  or  to  appeiie 
departed  souU,  by  sending  their  friends  and  servants  after  them ;  or  Bnally  to 
^pease  the  anger  of  the  gods.     (See  the  notes.) 

*  Scandinavians,  Herod,  iv.  c.  94.  Bartbol.  p  230.  rOO.  The  Giccks, 
lAcian,  i.  p  466.  The  Negroes,  introduc.  Pfojart.  p  369-86.99.  Tie  IbhabF 
tantsofPaos,and  Pegu,  Sonnerat,  ii.59.  Rhodes,  p  349.  TbeAnericn 
Savages,  L  120.  CoreaL  The  Peruvians,  Acosta,  p  229.  The 
Ovingt  iL  j>  52. 

t  Upon  this  principle  it  was  that  they  brought  human  offering!  to 
Amestris,  vii.  114.  Herod.  The  Goths,  Jomand.  ap.  Grot  p  617.  And  Ro- 
cop.  ii.  c.  25.  Keisier,))  134.  The  Galatians,  v.  p  355.  Diod.  WessdL  The 
Peruvians,  Acosta,  p  227.  The  above  mentioned  savage  nations  in  Afika, 
II*  cc.  and  Snellgrave,  p  36.  54.    The  Romans,  Dio.  Cass.  1.  43.  c  24. 

4  Strabo  mentions  this  of  various  nations,  iv.  303.  rii.  451.  zL  7^  This 
also  happened  on  the  island  of  Mona,  xiv.  !M).  Tacit,  amoqg  the  cU 
Northern  nations.  Mallet,^  84.  Li  Peru,  L  ^  52.  Zarate.  And  in  te 
rics  of  Mythras*  iii.  c.  2.  Socr.  Hist.  Eccles. 

4  This  also  took  place  amongst  the  old  Celtic  and  Northern  wfriTi^^ 
iv.n.  Mallet,  j>  213-214.  Bartbol.  p  506,  507.  Also  amongst  the 
and  the  Bomsns,  Homeri  Ilias,  XXIII.  v  179.  Just.  sL  2.  Vii||^.  Amh^  s. 
517.  533.  xii.  943.  Varro  ap.  Serv.  ad.  iii.  67.  Farmer,  p  441.  Also  mut% 
the  Mahrattas,  p  126.  Histor.  Fragm.  Also  amongst  the  Negroes,  L  315. 
Oldendorp.  Cavazzi,  i.  850. 381.  391.  401.  ii.  122.  168.  Dea  Maichai^  I 
315.  it.  74.  Projart,  p  299.  329.  Also  under  the  Moguls  and  Chinese^  Gc^iL 
ii.  151.  Yoy.  au  Nord,  vii.  p  58.  Also  amongst  the  North  Americaa  n* 
Tages,  Charier,  p  247.  The  Tsencas,  Voy.  au  Nord,  «  1S9.  Abo 
amongst  the  Peruvians,  and  Inhabitants  of  Mexico^  Acosta,  p  909l  SU. 
227. 

I  This  was  the  custom  amongst  the  old  Celtea  and  Sclanmtant,  Aatao.^ 
64.  Tacit,  de  Mor.  Germ.  c.  9  et  39.  Barthol. p  228. 323, 393, 394.  BCaQel,^ 
83.  86.  The  Taurians,  Her.  iv.  c.  103.  The  OaUitians^  Just  L..  S6u  c.  S:  Uod. 
v.p  355.  F.d.  Wessel.  Tlie  Gauls,  Caesar,  vi.  16.  Maasagets^  L  S16L  Beni. 
The  Greeks  and  tlie  Romans,  Dionys.  Halic.  Antiq.  R.  i.  38.  Plut.  iL  366  ct 
aeq.  ill  625.  vii.  102. 143-45.  Lact.  Inst.  Div.  L  21.  Plin.  L.  28.  c.  S.  Suet 
in  Calig.  c  27.  in  Ner.  c  36.  Porph.  de  Abst.  ii.  c.  54-56.  Vwansk.  it.  9. 
Til.  19.21.viii.2.  Meursii  Lect.  Attic,  iv.  22.  MisceL  Uiqod.  iL  14^  Tn- 
iner,^44l.  The  Phoenicians  and  Carthaginians,  Juttin.  xiz.  1.  zs*  14.  Pint 
Ti.  633-35.  The  jggyptians,  Schmidt,  p  277.  The  TonqoineK^  Bbodeib/ 
119.    The  InbahitanU  of  Borneo,  Forreat,  p  368.    The  Negroti*  Logrw* 
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I  confess  I  was  not  only  much  instructed  and  greatly  edified, 
but  also,  in  no  small  degree,  solaced  and  comforted  by  this  elabor- 
ate dissertation  of  Dr.  Magee ;  in  as  much,  as  it  tends  strongly  to 
prore,  that  the  kings  and  conquerors  ordained  under  the  dispensa- 
tions of  providence,  to  superintend  the  government  of  the  various 
nations  of  the  earth,  are  by  no  means  deserving  of  the  ignorant  ob- 
loquy which  it  is  too  commmi  to  throw  upon  them ;  and  that  even 
the  human  sacrifices  of  Bonaparte  himself,  may  possibly  proceed 
from  his  deep  sense  of  religion,  and  his  profound  respect  for  tho 
laws  of  nature  and  of  nations. 

It  is  surely  among  the  desiderata  of  "human  knowledge,  that 
Dr.  Magce  should  apply  his  new  method  of  theological  demon- 
stration, to  mathematical  instruction,  so  much  more  luminous  and 
convincing  as  it  seems  to  be.  If  he  docs  not  secure  his  invention 
ID  the  patent  ofRce  of  his  own  country,  I  greatly  fear  that  some  in- 
genious Yankee  speculator  in  patent  rights  will  forestal  him,  and 
claim  it  as  a  notion,  the  genuine  offspring  of  some  cisatlantic  brain. 
I  cannot  say  how  far  Dr.  Magee  coincides  with  the  limitation  of 
Grotius,  saltern  afiud  moratiores  omnes  ;  but  be  that  as  it  may,  I 
do  suppose  the  learned  Professor,  in  his  adopted  character  as  pro- 
<;hein  amy  of  Mrs.  Bull,  will  be  as  fairly  entitled  to  remuneration 
as  Dr.  Horsley ;  and  if  Hurlo  Thrumbo  wci*e  alive,  he  would  cer- 
tunly  obtain  it.  In  our  state,  the  circular  mileage  of  these  wit- 
nesses, so  liberally  allowed  by  the  Legislature  of  Pennsylvania 
eren  to  the  President  Judges,  would  form  a  very  pretty  item  in 
the  bill  of  costs,*  made  out  in  the  Doctor's  favour,  and  amply  re- 

S48-49.    Oldcnd,  i.  p  329.    The  Florldans,  Peruvians,  and  Mextcant«  Acotfta, 

337. 334.  Gage,  i.  p  154.  The  Olaheitioiifl,  Forsler's  ObsenratioDt,  p  47(S. 
Cookf  i.  185.  The  Inhabitants  of  Madagascar,  ii.  52.  Sonnerat.  The  Dra« 
tains  and  Hindoos,  L  186.  Sonner.  The  Inhabitants  of  Formosa,  Psai? 
nan.*  p  43.  60.  The  Chinese,  Memoir,  coucer.  lei  Cbinois,  ii.  400. 
In  order  likewise  to  appease  the  Gods«  they  murdered  or  exposed  sick 
persons.  This  was  dooe  by  the  ancient  Persians.  See  my  Dissertation  on 
the  Beligion  of  the  Persians.  This  is  likewise  still  done  by  tlie  Min|^lians« 
I^unberti,  p  153.  The  Hindoos,  h^es,  p  26.  The  HotientoU,  Beschryv.  i. 
S36.    The  Kamschadales,  Steller,  271. 295.    The  nations  on  the  Oronoko,  L 

333. 335.  Gumilla.    *(Psalmanasar  deceived  Meiners  for  a  time.  T.  C.) 

*  It  will  be  necessary  for  the  sake  of  some  of  my  readers,  to  explain  this 
•llttsioQ  in  my  correspondent's  paper.  It  relates  to  the  method  of  making 
oat  the  bill  of  costs  of  sheriffs  and  constables^  who  summon  witnesses  to 
coart,and  who  are  entitled  to  mileage  only  according  to  the  nearest  route.  In 
tbe  present  year,  1814^  also,  an  aet  passed  the  Legislature  of  Pennsylvania, 
allowing  circular  mileage  to  the  President  Judget  of  the  ourt  of  GomnKM^ 
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pay  his  laborious  researches,  though  motives  of  secular  interest 
were  far^  no  doubt,  from  the  Doctor's  thoughts. 

Blesungs  on  the  whole  tribe  of  quotation-mongers,  from  Gro* 
tiusto  Burton,  from  Builon  to  Meincrs,  from  Meinera  to  Magee» 

FXetSy  tt  the  lame  rate  u  is  aUowed  to  witnesses  who  attend*  or  toconataMes 
who  summon  them.    At  the  formation  of  the  present  constitution  of  this  state 
ill  ir90,  the  salaries  of  the  judges  were  settled  at  their  present  rate  of  %  1600 
a  year  (mileage  lately  allowed,  amounting  in  thb  district  to  about  forty  doUvs 
a  year*  only  excepted. )  At  that  time,  the  wages  of  the  membert  of  asaemli^p 
were  two  dollars  a  day :  the  members  of  assembly  afterwards  raised  their 
own  wages  to  three,  and  last,  session  to  four  dollars  a  day.     Had  this  ratssf 
wages  been  appointed  for  the  succeeding  session,  no  person  would  hafe  ixiod 
much  fiuilt  with  it ;  but  tlie  implied  contract  between  the  representatires  who 
foted  themselves  entitled  to  four  dollars  and  took  it,  and  tlieir  constitaeatoit 
the  time  of  election,  was  certainly  for  no  more  than  three  dollars.  In  coouBfla 
trsnsactions,  and  among  decent  people  in  comnum  life,  this  would  hare  beet 
coosidefed  a  fraud.    Had  the  wages  been  raised  to  eight  dollars  a  day,  it 
consideration  that  the  session  should  break  up  before  tlie  frost  breaks  up^  lod 
continue  but  half  Uie  usual  time,  that  half  only  of  the  usual  number  oflan 
should  be  paased,  and  half  the  hours  only  wasted  in  ignorant  and  noisy  deds- 
metion,  the  public  would  indeed  have  been  greatly  the  guner. 

Twok  the  year  1790  to  this  time,  the  business  of  the  Judges  has  nesrlf 
doubled^  the  price  of  all  the  necessaries  and  comforts  of  life  hate  double^ 
and  these  men  who  have  doubled  their  own  wages  within  the  same  periodp 
think  it  sufficient  to  add  forty  or  fifty  dollars  a  year  in  the  degrading  siafis 
of  poet  boy*s  pay,  to  the  salaries  of  their  Judges ! 

Hurk  thrumko :  Lord  Chancellor  Thurlpw.  The  following  dialogue  acts* 
ally  took  place  at  his  Lordship's  tabic.  He  was  called  out  during  dinoer: 
when  he  retumedy  one  of  bis  guests  said,  '<  pray  my  Lord,  if  I  amy  be  sobdU, 
*  which  of  the  cabinet  ministers  has  disturbed  your  Lordship's  defotkn^. 
^  dinner  ?**  "  Cabinet  ministers !  I  wish  tliey  were  sU  at  b»  with  the  pofff 
Pitt  at  the  head  of  them !  No.  It  was  the  Archdeacon  of  St.  Albans;  k 
epne  to  pester  me  for  the  Bisliopric  of  St.  David's,  and  talked  metodetih 
about  his  services  to  mother  church.  The  canting  rascal  cares  no  more  abont 
the  old  b— h  than  I  do :  but  be  has  fought  fadthfully  against  old  gunpowder 
(Priestley),  and  he  deserves  the  vacancy.'*  Horsley  led  the  pack  so  profitib^« 
that  it  is  the  fashion  for  expectants  to  yelp  In. 

My  eorrespondent  evidently  levels  his  remarks,  not  at  the  doctrine,  bnt.tbl 
nethod  of  proof,  employed  by  Dr.  Magee ;  otherwise,  this  part  of  the  piper 
would  be  inadmissible.  He  may  laugh  if  he  pleases  at  Dr.  Magee  or  flOQrKK 
or  any  other  of  the  laborious  tribe  of  index-hunters :  but  I  have  notliing  ts 
do  with,  theological  opinions.  I  confess,  I  have  always  thought,  that  theorflf 
allowable  way  of  establishing  Christian  doctrine,  is  by  the  ChriidaB  Scr^ 
tures  i  all  other  proofs,  are  at  the  best  unnecessary.  Is  the  tenet  yon  adtnee 
plamly  revealed  in  the  Bible  f  If  it  be,  the  Bible  is  sufficient  for  a  Ghriftkai 
if  it  be  not,  can  profane  writers  establish  it  /  Do  you  distrust  the  antlavity 
of  the  scripture,  that  you  seek  elsewhere  for  support  f 
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Mn  Mai^ee  to  myself !  Peace  to  the  souls  of  them  that  be  at 
ind  proiperity  to  the  living  \  Are  not  we  the  exclusive  sup- 
s  of  order  and  regular  government  ?  the  very  props  and 
tays  on  which  must  rest  the  authority  Cff  eveiy  crowned  head 
rbtendom  I  ayi  and  in  Pagcndom  also  ?  Are  not  we  th^ 
lass  of  literary  knight  errantSi  who,  despising  all  argument, 
Asive  obedience  and  non-resistance  to  all  authority  ?  How  caa 
ofessors  of  law  and  physic-— nay^  how  can  the  professors  of  di« 
do  without  us  ?  Is  not  our  mottO}  Store  decisis  P  A  bas 
itateurs  ?  Down  with  the  innovators  I  Away  with  the  faili"' 
etensions  of  human  wisdom,  and  the  false  lights  of  that  ignis 
t  human  reason  ? 

ireover,  although  our  storehouses  are  professedly  repositories 
en  goods,  yet  we  keep  them  for  the  benefit  of  the  literary 
.  Although  we  do  enable  those  who  steal  from  us  what  we 
irom  others,  to  shine  in  borrowed  plumes,  like  the  classical 
Bts  of  London,  who  pillaged  without  mercy  that  amasser  of 
men's  wealth  Robert  Burton— or  like  the  Edinburgh  review- 
fio  dress  themselves  out  in  the  cast-off  cloaths  of  Jeremy  Tay* 
Ul  we  mainly  contribute  to  the  classical  gaiety  and  literary 
of  the  day :  and  although  the  sober  travellei;  may  smile  at 
ludy  appearance  of  ancient  frippery  on  modem  linsey-wool- 
Bty  sunt  quaa  arbusta  juvantf  there  are  who  do  not  dislike 
he  white,  red  and  yellow  trees  before  the  door  of  a  Dutch 

If  agce  tayf  to  bis  reader,  I  can  prove  the  doctrine  of  atonement  from 
rd  of  God,  and  from  M  de  Paow.  Can  you  indeed  ?  Then,  for  nercy^ 
[»are  us  dear  Doctor,  the  morti6cation  of  M.  de  Pauw !  AVill  you  dfcnch 
.  ditch-water  after  Tokay  ? 

And  thou  Dalhousie  the  great  God  of  war. 
Lieutenant  Colonel  to  the  Earl  of  Mar, 

mity  itself  in  comparison  to  such  an  attempt.  Moreover,  if  the  prae- 
'booe  universality  1^  labours  to  establish,  be  iimeed,  as  he  calls  h,  a 
superstition,  what  aid  can  it  afford  to  a  doctrine  of  revelation  ^  Is  it 
e  be  could  be  blind  to  the  very  obvious  injury  his  opinions  might  re- 
iMn  his  quotations  f 

I  truth  is,  that  Dr.  M^gee's  book  is  manifestly  written,  to  serve,  not  the 
il  interest  of  the  church,  but  tlie  secular  interest  of  Dr.  Mugee.  Writ- 
troduced  treading  upon  the  heels  of  writer ;  quotation  is  heaped  upon 
on  ;  reference  urges  reference ;  criticism  of  sarcasm  succeeds  to  eri« 
of  contradiction ;  and  authority  is  backed  by  authority,  in  endless  and 
succession )  meant  indeed,  to  display  the  eatent  of  the  f  rofessor^ 
f,  bat  affording  evideoce  aUU  oiore  decisive  of  the  narrowiieas  of  hit 
mU    T;G. 
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house-wife,  and  the  ever-green  broad-brims  and  yew-tree  toBacco 
pipes  that  adorn  the  garden  of  myn  heer,  her  husband. 

I  have  been  led  into  this  digression  because  not  having  been 
able  to  furnish  you  with  a  drawing  of  a  kitchen  fitted  up  to  m^ 
inind,  I  sat  down  with  a  positive  determinaticMi  to  shew  the  great 
importance  of  eating  generally,  and  of  good  eating  particularijr, 
from  the  precepts  and  practices  of  divers  great  authors,  who  hire 
incidentally  or  expressly  treated  this  important  subject.     I  meant 
to  have  rendered  my  position  luce  clarius,  altliough  by  reflected 
light ;  and  to  have  fordfied  and  protected  it  by  a  seven  fold  ahieU 
of  imjicnetrablc  authorities.    But  I  have  been  induced  to  confine 
myself  to  narrower  bounds,  for  reasons  that  I  shall  presently  meotioD. 
There  are  many  passages,  moreover,  in  classical  and  other 
books  of  importance,  that  can  only  be  elucidated  by  a  commeotitor 
who  understands  sometlung  of  the  history  of  eating.     Thus,  wfaca 
we  find  how  greatly  people  in  gefieral  abhorred  the  practice  of 
eating  with  unwashen  hands,  this  can  only  be  explained  by  shew- 
ing, that  the  Jews  at  that  time,  like  other  nations,  had  no  kmTeii 
forks,  or  spoons,  but  eat  with  their  fingers,  as  the  Arabians  totfaii 
day  feed  upon  their  cuscusoo.    When  our  Lord  desires  the  MV 
vants  at  the  marriage  of  Cana  in  Galilee  to  bear  unto  the  master 
of  the  feast,  I  apprehend  this  is  a  wrong  translation,  for  the  wine 
was  under  the  controul  not  of  the  entertainer,  but  of  the  elected 
toast-master,  the  arbiter  bibendi :  guem  Fenus  sorte  dixeraS,    So 
when  wc  read  of  the  favourite  Apostic  who  reclined  in  our  Sa- 
viour's bosom,  this  can  only  be  understood  by  a  reference  to  the 
TMcliniaj  or  couches,  and  the  mode  of  reclining  upon  them: 
chairs  being  used  at  that  time  by  females  only ;  who  afterward 
adopted  the  couches  of  men,  when  they  began  to  throw  aside  the 
modesty  of  women. 

Many  questions  of  great  importance  in  political  economy  also 
depend  upon  scientffic  and  historical  knowledge  in  eating.  Thusi 
the  introduction  in  England  of  napkins  and  silver  forks  to  each 
plate,  and  of  separate  tumblers  to  each  person  at  dinner,  is  a  car 
torn  introduced  even  in  families  of  rank  in  England  within  SO 
years ;  and  is  by  no  means  general  even  among  the  opulent  of  tbo 
middling  classes  to  this  day ;  while  in  France,  the  poorest  persoo 
has  his  silver  four-pronged  fork,  his  napkin,  and  his  separate  ghis 
tumbler.  Tiiis  arises  from  the  mode  of  cookery  peculiar  to  each 
nation.  In  France,  they  feed  chiefly  on  soups,  and  on  meats  stew* 
ed  or  boiled  till  they  are  quite  tender :  hence,  a  knife  is  not  sone* 
cessary  an  article  in  France  as  in  Eoglaend,  but  spocma  and  iiw- 
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pitmged  forks  are  essential,  and  cleanliness  requires  them  to  be  of 
silver.  Hence  also,  the  French  take  up  their  food  with  their  four- 
pronged  fork  in  their  right  hand,  while  the  left,  holding  a  piece  of 
bread,  sweeps  up  the  soft  food  upon  the  fork.  Hence  the  neces- 
«ty  of  napkins  and  separate  tumblers,  because  a  Frenchman's  fing* 
ers  are  so  often  greasy  at  dinner  time,  while  an  Englishman  has 
BO  occasicm  to  soil  his,  in  any  degree. 

These  remarks  will  furnish  a  solultion  to  the  following  questions. 

1st  Why  has  the  linen  manufactory  been  cultivated  in  France 
to  so  much  more  perfection  and  so  much  greater  an  extent  than 
in  England  ? 

3dly.  What  is  the  principal  cause,  why  Great  Britidn  \^  the 
greatest  manufacturing  nation  in  Europe  ? 

3dly.  Why  b  it  that  the  system  of  paper  credit,  is  more  preva-. 
lent  m  England  than  the  rest  of  Europe  ? 

4thly..  Why  is  the  hardware  of  Great  Britain,  particularly  thc( 
cutlery,  superior  to  the  same  manufacture  in  other  countries  I 

5thly.  Why  is  the  system  of  boxing  more  comnum  in  England 
than  elsewhere,  and  the  quarrels  of  the  common  people  less  mur- 
derous? 

6thly.  Why  are  the  English  better  sailors  than  the  French  ? 

7thly.  Why  do  the  French  excell  in  the  manufacture  of 
Wiff? 

8thly.  Why  are  the  French  the  best  baker's  in  Europe  ? 

9thly.  In  what  particular  has  a  French  army  an  advantage  over 
an  Elnglish  one  ? 

lOthly.  Why  is  coin  always  plenty  in  France,  and  not  in  Eng- 
knd? 

1  Ithly.  Why  are  the  English  better  book-bmders  than  the 
French  ? 

12thly.  Why  do  the  French,  caeteris  paribus,  print  books 
cheaper  than  the  English  ? 

These  questions  might  be  extended,  but  they  are  sufficient  to 
shew  the  important  bearings  of  my  subject ;  and  that  no  man  can 
pretend  to  useful  knowledge  of  almost  any  kind,  unless  he  have 
knowledge  in  thjc  science  of  eating  also.  And  now  to  their  so- 
lution. 

1st.  Why  has  the  linen  manufacture  been  cultivated  in  France 
more  extensively  than  In  England  ?  Because  from  their  mode  of 
mating,  dependant  on  their  mode  of  cooking,  there  is  a  much  grea* 
ter  demand  for,  and  consumption  of  napkins  and  table  cloths. 
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Their  mode  of  washing^  linen  by  means  of  beaters  tlsoi  greatly 
contributes  to  it?  consumption. 

3d]y.  Why  is  Great  Britain  the  principal  manu&cturing  nai* 
tion  in  Europe  ?  Because  their  taste  in  eating  has  driven  them  ttt 
the  necessity  of  using  stone  coal  for  fuel ;  and  of  perfecting  their 
iron  manufactory,  on  which  all  other  manufactures  depend. 

The  people  on  the  continent  of  Europe,  prefer  small  dishes^ 
soups,  and  stews,  which  can  be  cheaply  and  conveniently  cooked 
with  charcoal.    The  English  have  from  time  immemorial  been  at- 
tached to  large  joints,  particularly  of  roast  meat.    This  has  drifca    \ 
them  for  cheapness  to  the  use  of  coal,  the  cheapest  of  all  fuel,  uA    ' 
the  very  ground  work  and  basis  of  all  manufacture. 

Their  large  joints  require  knives  and  forks,  of  large  dimcnnotii» 
ind  of  good  temper :  hence,  as  an  article  in  perpetual  use  three 
or  fouir  times  a  day,  neatness,  goodness,  and  cheapness  early  finnid 
their  way  into  this  branch  of  the  iron  manufacture,  and  grsdaiDy 
extended  itself  tb  every  other  bitoch. 

3dly.  Why  is  it  that  the  system  of  paper  credit  is  more  pren^ 
lent  in  England  than  the  rest  of  Europe  ? 

Paper  money  will  be  first  used,  and  more  extensively  used,  h 
those  places  where  gold  and  silver  are  comparatively  scarce.  It 
will  be  long  before  it  comes  into  play,  in  a  country  where  precioQS 
metals  are  abundant.  The  precious  metals  will  be  abun&nt  in 
those  countries,  where  they  are  in  the  greatest  demand  and  in  ge* 
neral  use  for  domestic  purposes,  and  the  common  wants  of  life. 

Owing  to  the  English  taste  in  eating,  and  their  gross  netbod 
of  cooking,  steel  knives  and  forks  have  banished  silver.  For  the 
latter  metal  is  not  fit  to  cut  up  a  buttock  of  beef,  or  a  sirloiD. 
While  in  France,  the  use  of  soups,  stewed  meats,  and  salads,  have 
rendered  a  silver  four-pronged  fork  and  a  spoon  necessaries  of 
life  to  every  man,  woman,  and  child  in  the  country.  This  bases* 
tended  the  use  of  silver  to  evey  other  ardcle  of  the  table:  thus, 
plates,  dishes,  and  tureens— plateaux,  wsdters,  and  candlesdckit 
there,  are  silver.  In  England,  the  neatness  and  cheapness  of  the 
pottery  manufacture,  especially  since  it  has  been  directed  by  the 
taste  and  science  of  Bentiey  and  Wedgewood,  has  supercededi 
even  among  the  English  nobility,  the  necessity  oF  silver  sendees. 
Then  again,  the  system  of  plated  goods  in  England,  dependant  on 
the  general  state  of  their  manufactories;  as  controuled  by  their  col- 
lieries, has  banbhcd  solid  silver  from  their  houses  :  to  which  a 
i^ery  inefficient  and  defective  police  has  greatly  contribated. 
Hence,  in  France  the  precious  metals, particulariy  silver^  have  al- 
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ways  been  and  still  are  m  great  abundance ;  in  England  the  reverse 
tias  been  the  case.  Hence  real  money,  gold  and  silver,  to  this 
iay,  is  the  only  circulating  medium  of  the  former  nation:  while 
in  England,  the  precious  metals  are  nearly  banished,  and  the  iron 
ige  prevails.  The  hoarding  of  the  precious  metals  during  the 
xig^  of  Robespierre  and  revolutionary  piinciples,  and  the  issue 
>f  paper  money  in  France  at  that  day,  hardly  forms  an  exception 
:othe  general  remark. 

Hence,  perhaps,  if  the  females  of  England  had  been  better  skil- 
led in  French  cookery,  the  bank  of  England  need  not  have  stopt 
pa]rment. 

4thly.  Why  is  the  hardware,  particularly  the  cutlery,  of  Eng- 
land, so  much  superior  to  the  same  manu£u:ture  in  other  coun- 
Ciies? 

Because  it  is  evident,  that  the  gros  morceaux,  that  load  the 
English  tables,  require  this  superiority :  and  the  daily  use  of  cut- 
lery at  meals,  instead  of  silver,  naturally  produces  more  demandi 
QCiore  competition  and  more  skill.  • 

5thly.  Why  is  the  system  of  boxing  more  commo#  in  England 
than  elsewhere,  and  the  quarrels  of  the  common  people  lesi  mur- 
derous? 

This  is  owing  to  the  fashion  of  feeding.  In  England,  the  knites 
io  not  shut.  The  meat  requires  them  to  be  too  large  for  the 
pcx:ket :  those  who  find  you  meat,  find  also  knives  to  cut  it  with. 
On  the  continent,  every  man  carries  in  his  pocket  Ms  own  cou- 
teau.  The  persons  who  find  meat,  find  forks  only.  Hence  abroad, 
a  vulgar,  quarrelsome  brute,  has  always  tus  kmfe— >his  snickersee, 
in  his  pocket  to  resort  to ;  an  Englishman  has  nothing  to  betake 
himself  to  but  his  fists.  Dr.  Bardsley,  of  Manchester,  has  written 
a  very  learned,  a  very  elegant,  a  very  ingenious  essay  in  favour 
of  boxing,  which  some  day  or  other  I  will  republish. 

6thly.  Why  are  the  English  better  sailors  than  the  French  ? 

The  English  are  better  accustomed  to  relish  and  digest  the 
hard  and  solid  promions,  on  which  a  sailor  must  subsist.  Thu 
u  not  the  only,  but  it  may  reasonably  be  regarded  as  one  cause. 

7thly.  Why  do  the  French  excel  in  their  manufacture  of 
Snuff? 

Because  it  is  necessary  to  suppress  and  obtund  the  odour  of 
garlicy  rocambole  and  shalot  in  their  houses  and  their  streets,  aiis- 
ii^  from  its  predominance  in  their  cookery.  Does  their  noore 
extensive  use  of  perfumes  arise  in  any  degree  from  the  same 
cause? 

Vol.  m.  S  s 
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The  French  also  appear  to  me  better  botanists  and  gardeners 
than,  the  English,  owing  to  the  greater  variety  of  vegetables  em* 
ployed  for  culinary  purposes :  by  the  way,  the  Abbe  Correa,  in* 
forms  me  that  the  purslain,  Phytolacca  oleracea,  a  very  good  cu- 
linary vegetable,  and  commonly  used  in  France,  is  to  be  found  in 
all  the  streets  of  Lancaster,  Pennsylvania,  and  the  amaranthus 
viridis  (or  else  blitum,  Careless)  is  conmion  at  Carlisle.  The 
dandelion,  the  sow  thistle,  the  lambs-quarters,  the  poke,  the  sonel 
naight  also  be  used  in  places  where  gardens  are  scarce  with  us: 
that  is  every  where  in  this  state.  I  greatly  regret  the  want  of 
truffles,  morills,  and  garden  mushrooms  in  this  country,  where 
for  the  most  part  there  is  no  taste  but  for  tables  so  crowded  as  to 
sate  the  appetite  by  the  very  sight  of  the  dinner ;  and  where  the 
delicaces  of  an  European  entertainment  are  little  known.  But  I 
do  not  feel  inclined  to  speak  favourably  of  the  plateau ;  it  hides 
too  much  of  the  dinner,  and  is  an  obstacle  to  mutual  asMstance  at 
the  table,  which  forms  in  my  opinion  one  of  the  pleasures  of  a 
feast  instead  ^  being  a  trouble :  as  it  did  among  the  Greeks  and 
Romans.  ||  is  an  interchange  of  civilities  and  good  offices,  and 
proloij^  the  repast.  The  drinking  of  healths  at  dinner,  is  an  abo- 
mination :  it  is  almost  as  bad  as  segafs  after.  People  who  haft 
dismissed  their  plate,  and  are  at  lebure,  may  slightly  bow  to  each 
other,  but  to  disturb  a  man  while  he  is  eating,  and  compel  him  to 
quit  the  plate  he  is  enjoying,  to  drink  when  he  does  not  wish  it, 
i9  very  impolite,  very  troublesome,  and  very  unpleasant. 

8thly.  Why  are  the  French  the  best  bakers  in  Europe  ? 

They  eat  more  bread.  The  fork  occupies  exclusively  the  Eng- 
Uafaman*8  left  hand,  the  bread  employs  the  left  hand  of  the 
FicndiBEian,  who  is  by  no  means  gauche  on  this  occasion. 

Mily.  In  what  particular  has  a  French  army  an  advantage  over 
an  English  one  ? 

The  French  are  all  cooks :  they  are  better  cooks :  theyH* 
more  frugal  and  saving  cooks :  they  can  manu&cture  an  excellf;. 
meal,  out  of  what  an  Englishman  would  waste,  or  throw  away. 
French  cookery,  nothing  need  be  lost :  in  English  cookery  a  foui 
of  the  food  is  wasted  in  the  cooking,  or  thrown  away  afterward  fr 
bad  cooking. 

lOthly.  Why  is  coin  always  plenty  m  France,  and  not  in  Eng' 
laud? 

Because  their  kitchens,  and  their  sideboards  require  a  mud 
greater  supply  of  the  precious  metals  than  the  English.  Henc< 
the  precious  metals,  silver  especially,  in  use  bt  every  domestif 
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iurpose»  abound  there.  In  England  their  use  is  eomjfiaratH*ely 
onfined  to  coin. 

1  Ithly.  Why  are  the  English  book-binders  better  than  the 
rrcDch? 

The  English  consume  more  meat,  or  rather  waste  more  meat 
han  the  French.  They  kill  more  calves  and  sheep  in  propor- 
lOD.  Hence  the  materials  of  binding  are  cheaper.  AlsO)  because 
England  is  superior  as  a  grazing  country. 

ISthly.  Why  do  the  French  print  books  cheaper?  or  rather 
lell  them  cheaper  ? 

Because  the  use  and  wear  and  tear  of  linen  is  much  greater 
in  France  than  in  England ;  particularly  at  dinner.  In  the  latter 
muntry,  they  use  much  more  cotton  and  woollen.  Our  napkins 
ind  doyleys  are  generally)  and  our  table  cloths  frequently  of  cot- 
tODi  in  America,  I  believe,  as  well  as  in  England. 

I  promised  to  assign  my  reasons  for  not  dwelling  upon  autho- 
rities in  support  of  the  importance  of  eating  and  drinking  and  the 
Kience  which  puts  them  under  the  guidance  of  health  and  pru- 
leiice}  as  well  as  pleasure.  In  truth  I  found  the  materials  so  ac- 
cumulated on  my  hands,  that  I  am  obliged  to  give  up  my  design 
in  compassion  to  my  readers.  After  turning  over  Horace  and 
JuTenal/  and  the  lives  of  Vetellius  and  Hclio  (or  Ela)  gabuluSf 

*  Ilk  looking  throagfa  Horace  and  Juvenal,  I  find  the  following  articki 
iBtiodiiced  at  a  Roman  table. 

IMm  the  Gudgeon,  came  in  the  first  course. 

Murmna :  the  Lamprey,  served  up  with  Shrimp  sauce.  The  Larepr^  b 
Ml  uncommon  in  Philadelphia,  and  is  ezccUcnt,  though  neglected. 

Jlmg%tUla :  the  Eel :  a  fish  not  much  thought  of:  but  if  Elagabalus  who 
fint  introduced  tlie  oyster  pie,  had  tried  an  eel-pie,  well  aeaaoned^  be  wouki 
found  it  eatable. 

Mhftmbu9  .*  the  Turbot :  the  first  of  aU  fish :  certainly  superior  to  iSbt 
>'•  head ;  when  served  up  with  lobster  or  shrimp  sauce  aAer  the  man* 
nr  of  the  ancients.  It  is  eaten,  I  understand,  at  Boston ;  which  I  shall  note 
in  vqr  Gastronomic  chart.  I  am  not  well  acquainted  with  John  Dory.  Next 
to  this,  is 

AsIm  .-  the  Sole,  not  common  here. 

Pkiaser  .*  the  Fluke  or  Flounder. 

MmBmu  :  the  Barbel :  concerning  the  Bai-bel,  and  the  observations  there* 
nof  Platarch  and  Gesner  and  Gasius,  see  llawkin's  Complete  Angler,  one  of 
die  most  entertaining  books  in  the  language. 

sauna  T  the  Shad.  The  salted  Shad  are  peculiar  to  the  middle  states  of 
America*  I  have  eaten  Shad  in  England,  but  not  good.  They  do  not  undcr> 
lelishes  in  England. 

Scaru9g  the  Sear. 

Accip€nWf  the  Sturgeon :  the  pickled  Roe  is  the  Gattar. 
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by  Suetomus  and  Lampridius,  I  found  I  had  to  wade  through  the 
Deijmosophista  of  Athen«us  with  the  commentaiies  of  Casaubon 
and  others,  and  the  natural  history  (such  as  remains  to  us)  of  Aris- 
totle, and  more  especially  of  Pliny  the  elder,  and  Galen.    Thai  I 

Lupua,  the  Pike :  a  young  Pike  is  a  Jack. 

JLagoii,  it  a  fish  with  which  I  am  unacquainted. 

Pelorif,  I  cannot  assign  a  modern  name  to. 

MyHluif  a  Limpen. 

Mtirex^  a  Muscle :  perhaps  a  Clam. 

CocklMt  ConcAy&'fly  Cockles. 

Eckinui,  a  Craw  fish. 

JPgnWf  a  Prawn. 

SguUla,  the  Shrimp. 

OttreOf  an  Oyster. 

Cedent  a  scollop  Oyster.    A  Clam  ? 

Such  are  the  fishes  mentioned  in  these  authors :  but  there  wece  naif  of 
which  they  take  no  notice. 

I  do  not  find  that  Horace  or  Juvenal  mention  any  of  the  following  fish^Mh 
tlced  by  others,  chiefly  Pliny  and  Galen. 

Cancer  /   Gammarum,  the  Crab  :  Conger ,  the  Conger-eel :  Q^prte^  He 
Carp :   Thynmu^  the  Tunny :  J?aca,  the  Ray  or  Skate :  Raia  daooia^  tie 
Thomback  :  Pecea,  the  Pearch  :  Erithinon,  BubeOio,  the  Roach :   Scwmhtr^^ 
Mackarelt  which  ought  to  be  far  more  frequent  at  our  tables  as  a  fresh  fisb» 
than  it  is.    BUeeida^  the  Pilchard,  the  Sardini  a,  or  the  Anchovy,  fiar  I  SM 
in  doubt  about  this.    Aurata^  the  Gold  fish ;  dot  the  modem  Chinese  fisfa^  I 
presume,  that  are  now  kept  for  ornament,  but  the  el  Dorado^  so  conuaoa  at 
sea.    Xiphia»,  the  Sword  fish.    JteOui,  the  Cod.    Muttela^  Golexia^  the  Bel- 
pout.    Glaueut,  I  suspect  this  to  be  either  the  streaked  bass,  or  BodE,  or 
else  the  Mackarel.     Garum,  I  am  in  doubt  about  this  also,  some  think  itths 
Mackarel,  I  think  it  was  a  Lobster  or  a  Crab ;    it  was  a  fish  used  as  apkUol 
fbb,  of  which  the  pickle  was  in  great  repute.    Of  the  Crab  or  Lobster  kiad, 
I  reckon  the  Jlf«a,  and  the  Echnnu,    The  Luciu*,  I  translate  a  Haddock^ 
though  00  the  authority  of  Ausonius,  it  is  usually  considered  a  Pike.    Ofi 
de  Friedwald,  supports  me  in  this ;  but  it  is  not  clear.    I  must  ^ve  up  ftr 
the  present  the  Aeu9t  the  Smarit»  the  ManOf  the  Sudu  or  Spk^itnOg  tbt 
JlfofiiMX  (soft  shelled  crab  ?)  the  Lampetia^  the  Sturio,  the  Swrgtu  or  IM- 
fwriit,  the  Latut  (Flounder  ?)  the  Loctuta,  Jittaeut  (Lobster .')  the  TimWwait 
the  Camtia  or  Orphan,  the  Lamias  the  jUBella,  the  Aquila^  the  OsrvM  or 
CtrocifttM,  the  PagruM  or  PagyruSf  the  Clifpea  or  JUota,  with  many  otheis 
whereof  mention  is  to  be  found  in  the  thirty-second  book  of  Pliny»  and  la 
Galen.    It  is  greatly  to  be  wished  that  five  good  scholars,  including  a  botsn- 
ist,  a  naturalist,  and  a  mineralogist,  would  sit  down  to  the  translation  of  Pli* 
iiy*8  natural  history,  and  add  notes  to  it.    I  hardly  know  any  single  maa^  or 
indeed  any  two  men  competent  to  the  task.    I  do  not  find  that  the  andents 
knew  any  thing  of  our  Trout,  Salmon,  or  Sea  Turtle.  I  am  not  clear  aboQl  tbs 
Tarrapin,  and  the  Land  Turtle. 


Cookery.  325 

had  tlieni  to  give  some  account  of  my  worthy  and  most  renoVned 
predecessors  in  culinary  science  among  the  ancients,  Mithscusy 
who  published  the  much^estcemed  Sicilian  cookery-«*Numef> 
nius  of  Hcraclea-— Hegeemon  of  Tharos— -Philoxcncs  of  Leuca- 
dia— Actides  of  Chio— Tyndarides  of  Sicyon— Thimbron  of  A* 
thens-*-and  Archistratus  who  went  upon  his  Gastronomic  travels, 
as  Dr.  Bumey  travelled  to  learn  the  modem  state  of  music-— 
Arthur  Young  that  of  agriculture— Ferber  and  Faujas  that  of  mi- 
neralogy— Linnaeus  and  bis  scholars,  down  to  Michaud,  that  of  bo- 
tany, and  so  forth. 

I  had  then  to  consult  and  analyse  the  cookery  of  Caelius  Apicius, 
with  the  commentaries  of  Humclbergius,  Caspar  Barthius,  Reine* 
sius,  Vander  Linden>  and  Lister,  a  book  of  which  I  propose,  Go4 
willing,  to  give  a  good  account,  the  rest  notwithstanding.  Then 
had  I  to  dive  into  Aldrovandus  and  Gesnerus  dc  fiiscibus^  among 
the  modems:  and  to  dig  among  the  ruins  of  tlie  0  th  folio  of  Gro- 
ixmus  for  Castellanus  de  camium  c9u  :  a  dissertatiuncula  dc  ra/- 
lido  fiotu  (which  goes  in  Carlisle  by  the  names  of  stewed  whis- 
key, hot  toddy,  and  potassium) :  and  Hieronymus  Mercurialis,  de 
JtciionibuB  ac  eduliU  antiquorum  :  and  Baccius,  de  convMia  (that 
is  the  fishing  and  beefstake  parties)  antiquorum :  to  the  same  pur- 

Ilorace  and  Juvenid  mention,  Ju9,  sauce,  as  the  tame  French  word  means : 
Jims  broiled  or  roasted  fish :  roasted  on  a  board  as  ve  do  sbad :  also  roasted 

t.  Garum,  Alec^  JHuria,  fish  pickle .  Garum  was  made  from  the  5facka- 
il,  as  is  supposed ;  I  think  from  tlie  Crab.  Alec  from  the  roe  or  melt  of  fish » 
the  melt  of  our  Shad,  boiled  for  barely  one  minute  in  vinegar  diluted  wiib  one 
^iid  water,  well  spiced,  is  much  superior  to  any  pickled  oyster.  Muria,  is 
Ihe  pickle  from  sea  fisb. 

The  tame  authors  mention  Sumerif  the  breast  of  a  sow,  not  the  udder  as  I 
think :  the  Hare,  Leput:  the  Boar,  ^per .-  the  Pygargtta,  a  Roebuck  ?  Softhic^ 
volucrei,  game  of  all  kinds :  »t^  the  Turkey :  Pavo,  the  Peacock,  which 
when  young  is  a  good  bird :  TurduSf  the  Thrush  :  Gruit,  the  Crane :  ./fntfr, 
tile  Goose :  JdmdOt  the  Merle :  Palumba,  tbe  wood  Pidgcon. 

We  leara  from  these  authors  that  the  ancients  employed  Struefr  a 
carver  by  profession;  that  they  fined  tl^ir  wine  with  Pidgeon's  eggs; 
that  they  often  mixed  Hymettian  honey,,  like  blockheads,  eren  with  their 
Falemlan.  They  used  ^fii7«um  mead,  as  a.  beverage.  Among  their  relishes 
(probably  at  the  Commessatio  after  supper),  tliey  dipt  their  bread  in  Garum* 
Ake,  and  Muria ;  they  bad  also  Wl^,  sausages.  These  authors  mentioiLaa 
vegetables  in  use,  Rapula^  the  Rape ;  J^o^mp,  the  Radish ;  Laetuca,  the  Let« 
tooe;  Ataer,  the  Skirret ;  P^rrvm,  the  Leek*  Having  cast  my  eye  with  somei 
care  over  Horace  and  Juvenal  for  the  purpose  of  this  essay,  I  tkoogfat.  tha. 
precedmf  eoammtioa  of  articki  might  be  deemed  curious  at  least,  if  af  no- 
use. 
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pose  nearly^  also  is  the  treatise  of  Laurentiusy  de  couvtvUM  ve- 
terum :  nor  could  I  omit  the  learned  remarks  of  Hugo  Freidwalli 
dc  aanitate  tuenda^  who  treats  much  of  ancient  (bod :  Pigiioriu% 
de  servisy  or  waiters  iat  table,  wherein  of  the  sectores  or  canrerit 
very  necessary  to  be  introduced  in  our  day ;  wherein  Tripherius 
read  lectures,  having  various  dishes  made  in  wood,  dissected  ac- 
cording to  the  best  rules  of  carving :  Musonii  phUosophl,  de  iwn 
Chr£corumj  in  quo  de  helluonidusj  de  bibacibu^y  ^c,  concenun^ 
which,  unless  this  philosopher  were  tolerably  well  skilled  in  the 
practice,  he  was  not  well  qualified  to  write  ;  as  Hany  Fieldui^ 
shews  at  leng^  in  his  history  of  Tom  Jones.  Then,  had  I  to  run 
over  the  pag^s  of  Laurendus,  de  Prandio  et  Carta  veterum;  the 
blockhead  thinking,  I  suppose,  the  Jentaculum,  and  the  Commem- 
tio,  or  relish  after  supper,  of  no  consequence. 

After  this,  I  had  to  consult  Meibomius,  de  CereviHU  vettrum^ 
and  Possidonius  in  Strabo  on  the  smoking  of  cegars  among  the 
Mysian  Scythx.  Strab.  L.  7.  ed.  Casaub.  Smoking  and  ale- 
drinking  being  naturally  companions. 

Nor  should  I  have  omitted  the  Hylophagi ;  or  the  Spermatop- 
hagi  nodced  by  Diodorus  Siculus,  L.  3.  ch.  7.  which  would  of 
course  draw  after  it,  an  investigation  of  the  Chinese  spermatology 
introduced  to  our  acquaintance  by  Mr.  Barrow,  and  which  Sir 
George  Staimton  has  strangely  omitted :  nor  do  I  find  that  Lord 
Macartney  himself  had  carefully  studied  it. 

Nor  could  I  have  omitted  the  strange  taste  of  the 

«  Anthropophagi  who  each  other  ate."* 

Then  had  I  to  peruse  the  collections  of  Potter  and  Du  Bos, 

and  Kennet,  and  Adams :  and  to  relieve  their  dull  and  dry  details, 

• 

*  The  following  nationt  have  been  Mcused  of  beings  Antbropopbagi,  oa 
the  aathorities  annexed ;  but  I  do  not  give  lull  credit  to  all  the  cbarges. 

The  inhabitants  of  the  isles  of  Nuussa  Laout  near  Amboyna.     VaUntgn,, 

The  inhabitants  of  several  islands  near  the  isle  of  St  Mary.  Jidam^n  Yt§' 
afetf  1598. 

The  islanders  of  Cayenne.    Froget'*  Voyaget. 

The  Carabees  of  Guadaloupe.     V^ya^  of  Columbu$. 

The  tribes  on  the  banks  of  the  Yupara.     Condamine.  1743. 

Other  Indians  on  the  borders  of  the  river  Amazon.    Aama  and  ArtUAu 

Those  on  La  Plata.    Hittory  of  Paraguay, 

The  savages  of  Brasil.  Laet  Knivet,  The  Mexicans  and  PetUTiaiii.  Gt- 
mora.    Voyage  ofPixarro, 

The  Scythiaoa— Budian  Scythians.  Serodetui,  The  tncifat  Cxlatiaiii 
JB^emw, 
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with  the  travels  of  Anacharsis  and  Antenor.  After  this  I  had  to 
examine  the  ill  natured  account  of*  an  imitated  ancient  dinner 
given  to  us  (with  the  relish  indeed  of  exquisite  attic  salt)  by  the 
learned  Dr.  Smelfungus  in  Peregrine  Pickle,  to  the  great  morti- 
fication of  Akenside  the  poet. 

When  I  came  to  consider  all  this,  and  to  reflect  seriously 

Quid  valcant  humeri  quid  ferre  recusant, 

I  beg^  to  despair  of  my  undertaking,  and,  as  the  common  saying 
iMj  to  draw  in  my  horns. 

We  have  two  tolerably  detidled  accounts  of  ancient  dinners, 
that  of  Nasidienus  by  Horace,  and  Trimalchio  by  Petronius :  we 
have  two  accounts  excellent  in  their  way,  of  the  ancient  dinners 
(or  rather  suppers,  as  they  were  called,  though  they  generally  be- 
{;ati  about  three  in  the  afternoon)  by  the  Abbe  Barthelemy,  in  the 
trareis  of  Anacharsis,  and  by  SmoUct  in  Peregrine  Pickle.  To 
copy  Horace,  or  Smo^l^  or  Barthelemy,  would  be  unpardonable : 
to  every  modem  reaoer  they  are,  or  ought  to  be,  familiar.  But 
petronius  falls  into  few  hands,  nor  is  he  an  easy  though  an  elegant 
author.  If  therefore  you  will  accept  a  translation  of  Trimalchio*s 
feast,  and  an  analysis  of  Apicius  Caelius,  with  some  receipts  in 
cookery  out  of  that  author,  they  shall  be  at  your  service. 

Epicuri  de  Grece  Porcus. 

Tlie  Sftinoydcs-— as  their  name  indicates  in  their  ont^  language. 
The  Tartars  of  Kardan.     Voyage  of  Marco,  polo. 

The  negroes  of  Sierra  Lcona ;  of  the  Gold  coast ;  and  of  the  Ivory  coast. 
JBarh9f.  Lnfer,  and  VillatU. 

The  aegroes  on  the  Gambia.    Lc  Brue.   Those  of  Juida.    PhiHpt, 

Those  of  Dafaomai,  the  Acquas,  and  Zanuzones.    Snel^grave. 

The  Jaggas.    Battel**  Voyuje,    Tlie  Mumbos  of  Monomatapa.     /Mo^ 

▼el.2. 

Lately  the  New  Zealanders,  and  some  inhabitants  of  the  Southern  iale% 
htie  been  accused  of  the  same  practice.    See  Edinb.  Ann.  Reg.  1S09. 

SeeOoutumetdes  diffcreos  reuples,  Tom*  p.  ]  to  15. 
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NOTICES. 

I  HAVE  received  from  Mr.  Thomas  W.  Ruble,  of  Ken- 
tuckyi  notice  of  a  steam  engine  of  his  invention,  where  the  water 
of  the  boiler  surrounds  the  cylinder.  I  suspect  that  although  this 
arrangement  has  its  conveniences,  it  is  not  new.  I  have  heard  of 
it  in  use  in  England. 

Want  of  a  plate  prevents  me  from  inserting  Professor  Cat- 
bush*s  paper  on  Mr.  Cloud's  method  of  making  seltzer  water.  It 
will  appear  in  the  next  Emporium. 

My  publishers  write  to  me,  that  complaints  are  made  of  my 
papers  on  manufactures  being  too  long.  They  ask  when  I  heg^ 
the  subject  of  dying. 

My  design  in  this  work  is  to  make  it  the  best  publicatioo 
any  vfhere  extant,  as  a  body  of  infon^tion  on  MANUFAC- 
TURES. I  do  not  profess,  I  will  not^ondescend  to  skim 
over  my  subjects  with  the  appearance  of  knowledge,  but  wkk 
useless  or  shallow  information}  where  good  can  be  obtained. 
I  dedicate  at  least  one  third  of  this  work,  greatly  against  my  owD 
incUnation,  to  miscellaneous  and  comparatively  trifling  papers. 
About  these  I  care  little.    But  I  say  to  those  who  comphdn, 

Shew  me  in  any  European  language,  the  same  amount  of  ml 
information,  on  Iron,  Steel,  Steam  Engines,  Cofifier^  and  Lead  k 
the  same  brief  compass  as  I  have  given  it. 

Shew  me,  any  single  European  publication  on  either  of  these 
subjects,  that  contains  any  thing  approaching  to  the  same  qunlll^ 
of  important  knowledge,  which  the  Emporium  has  furnished. 

I  say  to  those  who  complain,  that  they  cannot  9hew  thii,  I 
know  it. 

Under  these  circumstances,  if  the  work  be  such  as  I  represenit 
it  (and  if  it  be  not,  let  those  who  can  shew  otherwise)<^if  it  resUy 
do  contain  a  condensed  body  of  manufacturing  informationi  not  to  be 
found  but  by  hunting  up  publications  scarce,  voluminous,  andden^ 
and  not  then— what  reason  have  I  to  change  my  plan,  or  to  suspect 
that  such  a  work  will  not  be  reasonably  supported  ?  If  it  be  not,  it 
is  well :  I  will  give  it  up :  but  I  will  not  swerve  from  my  ovn 
ideas  of  propriety  in  conducting  it. 

As  to  dyeing,  I  suppose  there  may  be  twenty  or  thirty  subscri- 
bers anxious  for  such  an  article,  and  caring  nothing  about  any  otlMer 
part  of  the  work  s  I  believe  the  articles  I  have  piiblishedi  of  ftr 
more  importance ;  but  it  shall  have  its  turn.    T.  C. 
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LEAD. 

In  treating  of  the  article  lead,  the  fi)Ilowing  notices  re* 
iqpecting  the  manu&cture  of  shot  escaped  me. 

GranuhUi(m  of  Shot. 

The  manufacture  of  common  flowling  shot  consists 
merely  in  causing  the  fused  metal  to  &11  in  equal  spheri- 
cal drops  into  water.  The  lead  is  melted  with  the  ad- 
dition of  a  small  proportion  of  arsenic,  which,  being  re- 
duced to  a  metallic  state,  by  means  of  grease  stirred  in 
during  the  fusion,  renders  it  less  fluid.  An  oblong  shak 
low  vessel  of  iron,  perhaps  10  inches  wide,  14  long,  and 
S 1-2  deep,  called  a  card^  iidiose  bottom  isfueroed  with 
holes  proportionate  to  the  intended  ^e  of  die  shot,  is 
placed  at  the  height  of  from  one  to  three  inches,  crver  the 
aurfece  of  a  tub  of  water,  covered  witfaa  thm  film  of  oiL 
The  card  is  previously  heated  to  the  temperature  of  the 
metal  by  immerging  it  in  the  cauldron ;  and  a  stratum  of 
soft  dross  or  scoriae,  which  are  found  on  the  surfiux  of 
Ae  fused  alloy,  b  then  placed  on  its  perforated  bottom^ 
and,  bdng  slig^y  pressed  down  wjdi  the  hdle,  forms  a 
Vol.  m.  T  t 
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kind  of  filter,  which  partly  chokes  up  the  apertures,  and 
prevents  the  metal  from  flowing  through  them  4n  conti- 
nuous streams.  The  fused  metal  is  then  poured  by  la- 
dlefuUs  into  this  vessel,  and  appears  notwithstanding  to 
run  through  it  with  considerable  velocity ;  so  tliat  it 
seems  difficult  to  believe  that  it  falls  in  separate  drops,  till 
convinced  by  taking  up  a  quantity  of  shot,  from  the  bot- 
tom of  the  water. 

The  shot  thus  made  is  not  without  considerable  im- 
perfections. The  exterior  coat  of  the  lower  part  of  die 
drop  becoming  suddenly  fixed  by  the  contact  ci  the  wa- 
ter,  its  superior'portion,  which  is  still  liquid,  as  it  also 
cools  and  contracts,  necessarily  pits,  like  the  sur&ce  of 
metal  in  the  channel  of  a  mould,  so  that  the  greater  part 
of  the  shot  are  somewhat  hollow  and  of  an  irregular  form ; 
consequently  ^oo  light  for  the  purpose  to  which  they  arc 
destined,  and  liable  to  unequal  resistance  in  their  passage 
through  the  air.  These  defects  are  remedied  in  the  pa- 
tent shot,  the  manufacture  of  which  differs  only  from  diat 
of  the  preceding  kind  in  the  addition  of  a  larger  portion  of 
arsenic,  which  varies  according  to  the  quality  of  the  lead ; 
in  dropping  it  from  such  a  Iwight  that  it  becomes  sM  be* 
fire  it  enters  the  water ^  which  is  fit)m  40  to  100  fed ; 
and  in  some  subsequent  operations,  which  are  as  follows : 
It  is  first  dried  and  sifted.  It  is  then  boarded^  which  coo- 
sists  in  scattering  it  on  several  polished  slabs  or  trap  of 
hardwood,  with  rims,  in  the  form  of  a  ii,  except  that  the 
aides  converge  towards  the  lower  part,  to  which  a  slight 
inclination  and  alternate  motion  in  their  own  planes  are 
given  by  boys  employed  in  the  manufacture.  The  shot 
whose  form  is  imperfect  are  detected  by  the  slug^dbness 
of  their  motion,  and  remain  behind,  whilst  the  otfiers  roll 
off  fix)m  the  board.  The  last  operation  is  the  polishing; 
winch  is  performed  by  agitating  it,  with  the  addition  of  a 
very  small  quantity  of  black  lead,  not  exceeding  tws 
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spoonfuls  to  a  ton,  in  an  iron  vessel,  turning  on  an  horii 
zontal  axis,  like  a  barrel-chum.  It  does  not  appear  that 
any  higher  degree  of  perfection  tlian  that  which  is  thus 
attained  remains  to  be  desired^  The  argentine  brilliancy 
rf  the  shot  when  newly  made,  the  beautiful  accuracy  of 
its  f(Hin,  and  the  curious  instance  of  inanimate  tactics 
>vhich  it  presents  when  scattered  on  a  plate,  render  it  even 
an  agreeable  object  of  contemplation. 

mjled  Slwt. 

In  the  latter  end  of  the  year  1789, 1  wtls,  by  various 
considerations,  induced  to  think,  that  the  e&ct  which  is 
produced  by  rifling  musquetry  might  be  produced  in  ar- 
tillery by  giving  a  suitable  figure  to  the  shot.  It  is  almost 
needless  to  explain  this  effect.  When  a  bullet  is  driven 
along  the  bore  of  a  piece,  it  must  be  acted  upon  by  the 
iatemal  surface  so  as  to  cause  a  rotatk>n,  the  axis  of  which 
motion  will  lie  across  the  line  of  direction.  In  conse* 
quence  of  this,  tlie  re-action  of  the  air  will  be  stronger  ta 
one  side  of  the  bullet  than  on  the  other,  and  it  will  dett-^ 
ate  from  the  intended  course  according  to  no  certain  rule. 
The  method  of  rifling  consists  in  cutting  cHie  or  more  spi- 
ral grooves  in  the  hollow  surface  of  the  musquet,  into 
which  the  ball  is  either  forcibly  rammed  down,  or  else 
conveyed  to  its  place  by  an  aperture  at  the  breach,  or 
near  the  chamber.  The  lead  is  thus  made  to  fit  the  in- 
temal  screw,  and  usually  takes  about  half  a  turn  during  its 
course  dirough  the  barrel.  The  axis  of  this  rotation  be- 
ing parallel  to  tlie  line  of  direction,  it  must  follow  that  the 
resistance  of  the  mr  will  be  equal  on  all  sides  of  the  bul- . 
let,  and  it  will  fly  with  more  certainty  to  the  object  of 
aim.  It  seemed  to  me,  that  if  a  cylindrical  shot,  witli 
hemispherical  ends,  mctc  thrown  out  of  a  common  bar- 
rel, it  might  be  j^ossilDle,  by  means  of  ci^rtain  spirals  cut 
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.  on  the  end  sur&ce,  to  cause  the  blast  of  the  powder  and 
the  resistance  of  the  air  to  concur  in  producbg  the  same 
rotation. 

For  this  purpose  I  took  a  wboden  pattern,  and  cutdie 
spherical  surface  into  twelve  spiral  planes,  by  dividing 
the  equator  into  the  like  number  of  equal  parts,  and  dniw« 
ing  spirals  firom  the  points  of  division  obliquely  towards 
the  pdes.  The  wood  between  every  pair  df  contiguous 
spirals  was  then  taken  away,  by  cutting  from  the  one  line 
parallel  to  the  axis,  and  from  the  other  perpendicular  to  a 
plane  passing  through  it.  By  this  process,  when  Aeazis 
was  set  upright,  there  appeared,  as  it  were,  twelve  roads 
sbpmg  upwards  from  the  equator  towards  die  pofe, 
bounded  on  the  ^de  next  the  wood  by  upright  waDs ;  and 
die  shot,  when  suspended  on  an  axis  or  centre  poift, 
could  be  blown  round  very  swiftly  by  the  breath  direcb' 
ed  towards  the  pole. 

Shot  of  this  kmd  were  made  and  tried  at  a  foundery  in 
North  Wales.  By  an  experiment  with  a  brass  gun  new- 
\f  bored,  it  viras  ascertained  that  the  shot  did  really  revolve 
in  its  course  along  the  bore;  but  the  trials  widi  shot  of 
a>  different  weight  and  dimensions  did  not  promise  mofe  ac- 
curacy of  effect  than  was  obtained  by  common  spherical 
shot  used  at  the  same  time.  Pardcular  notice  was  taka 
of  the  manner  in  which  the  shot  struck  the  butt :  the 
greatest  number  of  times,  it  struck  with  the  anterior  end; 
sometimes  die  stroke  was  made  with  the  broad  side,  and, 
in  a  few  instances,  the  end  which  came  last  out  of  the  gun 
Arrived  first  at  the  mark.  Hence  it  appears,  that  the  veiy 
slight  angular  deviation  at  the  mouth  of  the  piece  is  nKxe 
than  sufficient  to  counteract  any  effect  which  might  else 
have  been  derived  from  the  subsequent  action  of  the  air 
upon  a  projectile  duly  figured. 

It  seems,  nevertheless,  that  this  principle  might  be  ap- 
plied to  advantage  in  bar  shot.     If  the  ends  of  this  pro- 
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jectile  were  chamfiared  or  sloped  with  respect  to  the  axis, 

it  would  pass  through  the  air  with  a  revolution  of  its  ex- 

tremities,  instead  of  one  end  following  the  path  of  the 

other,  as  may  sometimes  be  supposed  to  happen. 

With  regard  to  the  execrable  practice  of  war,  I  think  it 

m  decided  question,  that  increase  of  power  is,  on  the  wfade, 

in  &vour  of  rectitude  and  virtue ;  and  that  wars  are  likely 

Id  be  fewer,  less  durable,  and  less  pernicious,  the  more 

•oentifically  they  are  conducted. 

[1  AicA.  267— 383.  quio. 

Sugar  of  Lead. 

The  following  process  for  making  this  article,  I  trans- 
hte  from  the  account  given  by  M.  de  Machy  in  the  se- 
'tend  part  of  the  6th  vol.  of  the .  Encyclopedie,  Arts  et 
I  Metiers  p.  758. 

Into  a  stoneware  jar  of  sufficient  capacity  put  251b.  of 
white  lead,  or  of  lithai^;  (the  common  white  lead 
adulterated  with  whiting  will  not  well  answer  the  ptir* 
pose.  T.C.)  and  about  15  galbns  of  distilled  vinegar*  * 
Place  it  in  a  warm  »tuation  which  may  be  near  to  the 
furnace  wherein  the  vinegar  b  distilled.  Let  it  remain 
in  this  situation,  till  the  vinegar  is  saturated,  and  has  ac- 
|.  quired  a  full  sweet  taste  :  it  must  be  stirred  every  now 
anid  then  with  a  long  stick.  When  it  has  stood  a  suffi- 
cient time  to  be  quite  clear,  lade  off  the  clear  liquor  by 
means  of  leaden  or  wooden  vessels,  into  a  leaden  boiler, 
fixed  in  a  frame  of  brickwork.  Light  under  it  a  mode- 
rate fire,  and  evaporate  the  liquor  gently,  till  a  drop  when 
oold  becomes  solid. 

Xhen  transfer  it  mto  small  glazed  earthen  pots  of  a 
square  shape,  about  the  size  of  a  half  hundred  weight, 
having  a  hole  near  the  bottom  stopped  with  a  wooden 
stopper.  On  the  top  of  the  pots  pour  about  four  ounces 
of  spirit  of  wine,  which  forms  a  kind  of  border  or  cover- 
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ing  that  prevents  tlie  evaporation  of  the  moisture.     Keq) 
these  pots  in  a  warm  place  till  they  are  full  of  crystals,  j 
Then  draw  the  stopper,  let  tlie  liquid  part  nin  out,  and  I 
collect  the  crystals.     The  liquor  diat  is  drawn  off  will  be  i 
thick,  and  too  much  loaded  with  lead.    It  must  be  di- 
luted with  distilled  vinegar,  filtered,  andag^  setioi 
warm  place  to  evaporate,  and  crystallize. 

I  believe  the  joeceding  process  would  be  improved,  bj 
adding  one  sixth  part  of  good  distilled  vin^;ar  to  the  fiisl 
clear  liquor.  T.  C. 

The  method  of  making  sugar  of  lead  as  detailed  by 
M.  Pontier  in  the  37th  vol.  of  the  Annales  de  Cbimic^ 
p.  272,  b  in  substance  as  follows.  The  vessels  are  CtekSi 
iron-hooped,  with  wooden  cocks ;  a  copper  still  wid^  t 
tin  alonge  (long  tube  adapted)  or  worm,  and  with  a  cock 
to  let  out  the  sediment ;  stoneware  jars  to  hold  the  vine^. 
gar ;  a  cast-iron  pot  to  melt  the  lead  in ;  stonewire  jan 
also,  to  hold  the  vinegar  and  lead ;  copper  boilers  timicd 
ihe  same  size  of  die  still ;  half  a  dozen  or  more  wooden 
filters. 

Cast  the  lead  in  very  thin  sheets,  as  the  plumbers  do; 
milltid  lead  will  not  answer  so  well ;  cut  it  in  pieces  in- 
discriminately ;  put  them  in  the  vinegar  distilled  in  your 
rtill,  in  the  stoneware  jars  ;  the  vinegar  should  besQ'ong;  J 
do  not  close  the  jars,  it  is  sufficient  to  cover  them  from 
dust ;  change  the  oxyded  lead  two  or  three  times  a  day, 
putting  it  in  the  place  of  the  lead  submerged ;  boil  the  vi- 
negar with  die  white  lead  in  it,  in  the  tinned  copper  boil- 
ers, to  finish  the  saturation  ;  (I  think  this  can  be  done  by 
putting  the  jars  themselves  with  their  contents  in  a  bath 
of  boiling  water,  T.  C.)  Filter  the  liquor  ;  evaporate  to 
a  pellicle ;  (I  think  a  sixth  of  cUstillcd  vinegar  should  bc 
added,  previous  to  evaporation,  T.  C.)  drj'  the  crystals 
in  the  slude.  The  residuum  may  be  treated  in  die  same 
way,  but  it  docs  not  give  so  clear  crystals  as  at  the  Cnit 
sjciution. 
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I  do  not  know  that  any  specimen  of  this  very  useful 
netal,  has  yet  been  found  in  the  United  States.  To  &- 
militate  tlie  search  after  it^  I  shall  state  its  geological,  as 
H^U  as  mineralogical  character^  This  metal  and  antimo- 
ly,  being  the  only  two  metals  of  which  we  stand  in  need, 
hat  are  furnished  principally  by  Great  Britain,  I  shall  be 
szcused,  I  hope,  for  dwelling  upon  it  more  than  other- 
nrise  would  be  necessary. 

Tin  is  found,  1st.  native ;  a  scarce  form  of  appear- 
ince.  2ly,  Sulphuretted ;  tin  pyrites.  Sly,  As  an  oxyd, 
the  -common  Combh  ore.    Tin  Stone. 

Werner's  account  of  the  age  of  metals,  I  shall  insert  at 
he  end  of  .this  article. 

The  first  part  of  diis  article,  relating  to  the  ores  of  Tiir, 
[  take  from  Jamieson ;  the  next  from  Aikin ;  the  chief 
jart  of  the  remainder  from  Watson,  Bishop  of  Landaff. 

TIN  GENUS. 

FIRST  SPECIES. 

Tin-P}Tites.    Sulphurct  of  TLi. 
Zinnkies. — TFemer. 

m.  Wid.  s.  Br5.~Tin  Pyrites;  Kirw.  vol.  ii.  p.  200.— Zinnkxesv 
Emm,  3.  b.  8.  418.---£taine  sulphqre,  Lam.  L  i.  p.  379.-*.J(^ 
Huuy^X,  4.  p.  154. — ^La  Pyrite  d'Etain,  ou  I'Etain  p)nt^ux. 
Broch.  t.  2.  p.  3S2. — Zixinkies,  Rcus9^  4.  b.  s.  280. 

External  Characters. 

Colour  intermediate  between  steel-grey  and  bross-veK 
low,  but  usually  more  inclined  to  the  fir^t. 
Occurs  massive  and  disscminatedv 
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Intemany  it  is  glistening,  sometimes  shining,  and  sd* 
dom  passes  into  splendent,  and  its  lustre  is  metallic. 

Fracture  sometimes  small  and  coarse  grained  uneven; 
sometimes,  but  rarely,  ind'ming  to  small  and  imperfect 
conchoidal,  and  imperfect  foliated. 

Fragments  indeterminately  angular,  blunt-edged. 

Is  semihard,  passing  into  soft. 

Brittle. 

Easily  frangible. 

Heavy. 

Spec^  gravity,  4.350,  Klaproth  ;  4.785,  LaMethtrie. 

Chemical  Characters. 

Befine  the  blow-pipe  it  gives  a  sulphureous  odour,  and 
mdts  easily,  without  being  reduced,  into  a  black  soorii. 
It  communicates  a  yellow  or  green  cdour  to  borax. 


Constituent  Parts. 

Tin 

34 

Copper, 
bon. 

36 
3 

Sulphur, 
Earthy  matter. 

35 
2 

Khproth. 

100 

Oeagnoitic  and  Get^raphic  sUuaiians. 

It  has  been  hitherto  found  only  at  Wheal-rock  and  St 
Agnes  in  CcMmwall,  where  it  occurs  in  a  vdn  about  mt 
fiset  wide,  accompanied  with  copper-pyrites  and  bcown^. 
blende,  or  suljAuret  of  zinc 

Oiservaiian. 
It  was  forioeriy  Confounded  with  Magoedc  Pyii^ 
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SECOND  SPECIES. 

Tin- Stone. 
Zinnstein.-^  fferner. 

Staimum  Arsenico  et  Ferro  mineralitatum,  WalL  t.  3.  p.  319.  et 
scq. — Zinnstein,  fVerneryVzhsU  l.b. «.  171,'—/^.  fT/^. s.  980.-^ 
Common  Tin-stone,  Kirw,  vol.  ii.  p.  lOr.— -EtauivUrcux^  De 
Bom.  t.  2.  p.  238. — ZinnkeU^^^m.  b.  2. 9. 420.  Oxi4e  d'Etaln, 
JLam.  t.  1.  p.  274.^— Etain  oxide,  Ifauy yt^  4.  p.  137. — ^La  Pierre 
d'Etain,  ou  la  Mine  d'Etaln  communey  Broehy  t.  3.  p.  334^— 
Zinnstein,  Reus€j  4.  b.  s.  288. 

External  Characters* 

Its  most  common  colour  is  blackish-browti ;  from 
which  it  passes^  on  the  one  side,  into  brownish- biack  and 
velvet-black ;  on  the  other  side,  into  hair-brown  and  red- 
dish-brown, fix>m  which  it  passes  further  mto  yellowish^ 
green,  yellowish-white,  and  greenish- white. 

Occurs  massive,  disseminated,  in  rolled  pieces,  in  grains 
as  sand ;  but  most  frequently  crystallized,  and  tlie  crys- 
tals, which  are  four  sided  prisms,  are  in  general  very  in- 
distinct. 

The  surface  of  the  crystals  is  usually  smooth,  seldom 
more  or  less  strongly  streaked,  and  it  b  commonly  splen- 
dent. 

Internally  it  is  only  shining  and  glistening,  and  its  lus- 
tre is  intermediate  between  resinous  and  adamantioe,  but 
more  inclining  to  the  latter. 

Fracture  coarse  and  small-grained  uneven,  inclining  to 
imperfect  conchoidal ;  seldom  imperfect  foliated,  and  ex- 
tremely seldom  perfect  foliated,  and  then  k  is  highly 
splendent. 

Fragments  indetcrmfaiately  angular,  pretty  blunt-edg- 

CO. 

V©t.  III.  Rr 
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The  nldssive  varieties  occur  commotily  in  coarse,  small 
and  fine  granular  dbtinct  concretions. 

It  alternates  firom  semitransparent  to  opaque  ;  the  dark- 
er coloured  varieties  are  opaque,  the  lighter  translucent 
and  semitransparent,  often  even  inclining  to  transparent ; 
the  intermediate  varieties  are  only  translucent  and  trans- 
lucent (HI  the  edges. 

Yields  a  greyish- white  streak. 

Is  hard,  but  does  not  give  fire  with  steel. 

Easily  fi'angible. 

,  Specie  gravity,  6  to  7. 

Chemical  Characters. 
Before  the  blow-pipe,  it  decrepitates,  becomes  pakr, 
and  where  it  rests  on  the  charcoal  is  reduced.  When 
roasted,  it  is  converted  into  a  grey  oxyde.  ^Acids  dissolve 
the  iron  it  contains,  but  only  a  very  minute  pordon  of  die 
tin* 

Constituent  Parts. 

From  Altemon.  Schlakenwald.  £Iirenfriedersdor£ 
Tin,            77*50             75.0  68 

Iron,  0.25  0.50  9 

Oxygen,     21.50  24.50  16 

Silica,  0.75  7      . 


100  100  100 

Klaproth.         Khproth.         Lampadius. 

Geogfiastic  Situation. 

In  occurs  only  in  primitive  rocks^  as  granite,  gDci^ 
mica-slate  and  cl^y-slate,  and  is  the  okkst  of  all  the  me- 
tals. It  occurs  either  disseminated  in  the  rock,  or  ia 
stockworksy  beds,  or  vems.  It  is  usually  accompanied 
with  quartz,  mica,  lithomarge,  steatite,  woUiam,  tungsten, 
arsenic-pyrites,  copper-pyrites,  JTcm-pyrites,  mdybdena, 
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black  and  brown  blende ;  less  frcquendy  widi  fluor-spar, 
topaz,  appatite,  felspar,  schorl,  magnetic  ironstone,  cop- 
per-glance,  lead-glance,  and  white  lead  ore.  It  is  found 
also  in  great  quantity  in  alluvial  land.  The  greater  part 
of  the  English,  much  of  the  Spanish,  and  the  great- 
er proportion  of  that  in  India,  occurs  in  that  situation*. 

Geographic  Situation. 

Tin  is  not  found  in  many  countries,  but  where  it  does 
occur,  it  is  in  very  considerable  quantity.  In  the  most 
northern  countries  it  is  -entirely  wanting.  In  Europe 
there  is  only  three  tin  districts.  The  first  is  in  the  Erzge- 
birge,  on  the  Saxon  and  Bohemia  sides,  and  extends  as 
£ur  as  the  lUesengebirge  and  Fichtdgebirge.  The  second 
district  is  in  Cornwall.  The  third  is  that  of  GaUcia  on 
the  borders  of  Portugal. 

In  jlsia  it  is  found,  in  vast  quantity,  in  the  peninsi^ 
of  Malacca,  Siam,  and  in  the  island  of  Banka. 

In  America  it  is  said  to  occur  near  Gochimbo,  and  in 
ChiU. 

Use. 

It  is  worked  as  an  ore  of  tin,  and  fix)m  it  all  the  tin  of 
commerce  is  obtained. 

Observations. 

1.  Its  name  b  derived  firom  the  great  quantity  of  tin 
which  it  affords,  and  its  unmetallio*like  aspect 

2.  It  is  distinguished  firom  fTol/ram  by  its  inferior 
hardness,  as  it  does  not  give  fire  with  steel ;  and  by  the 
streak,  which  in  tinstone  is  greyish- white,  but  in  wolfiam 
red(Ush-brown :  fi*om  Blende  by  its  inferior  hardness  and 
uneven  fi:acture. 
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THIRD  6F£CI£S.  J 

Cornish  Tin-Ore,  or  Wood-tuu  ' 

Komisch  Zihtitrt. — TFem^. 

Mine  d'Etain  itiatiieloimee,  ou  en  Stalactites,  Rom.  de  L,.  t.  S.  ji 
428.— Kornisch  Zinnerr,   Werner^  Pabst  1.  b.  s.   183.— /f. 

I 

md.  8.  877. — Wood  Tin-Oore,  Kirv>.  vol.  ii.  p.  198.^— Etain 
limoneux,  Dc  Bom.  t.  2.  p.  248.— Kornisch  Zinnerz,  Emm.  3. 
b.  s.  427.— *Min6  d'Etain  femigiheuse,  Lam.  t.  1.  p.  381.— « 
Etain  oxide  concretionne,  ^atfy,t.4.p.  l47«-^-La  Mine  d'Etain 
grenue,  ou  i'Etain  grenu,  Broch.  t.  2.  p.  340,^— HoVzBnMn) 
Iteu$9y  p.  4.  8.  8CX). 

Bxtemal  Characters. 

Its  lAo&t  tommon  odour  is  hair-brown,  of  diffistent  db* 
grees  of  intensity,  which  passes  into  wood-brown,  and 
nearly  into  yellowish-grey,  sometimes  into  reddish-brown. 
In  single  pieces  it  is  sometimes  striped. 

Occurs  usually  in  rolled  pieces ;  sometimee  we  tan  <)b- 
serve  its  original  shape,  which  appears  to  be  small  teni- 
form  ;  and  with  impressions. 

The  kidney-shaped  or  reniform  is  black  on  the  sor&oe, 
ioid  ^rs  a  consideraEde  resemblance  to  hematite. 

Externally  glistening.  . 

Internally  it  is  glistening  and  glimmering,  and  its  histit 
is  resinous,  inclining  to  adamantine. 

Ite  fracture  is  delicate,  stra]g;ht^  scopifirm  and  stdlohr 
diverging  fibrbus. 

JFragments  wedge-shaped  and  spliiilfefy. 

It  occurs  usually  in  lai^  add  cixMe  gnttiyhr  ^sdttt 
concrtdons,  which  are  intensected  by  curbed  aiKl.tiuD 
lamellar  concretions,  and  the  colour  delineMion  Ss  iH  Ac 
direction  of  the  latter. 

The  streak  is  shining  and  yellowish-brown. 

Is  oi>aque. 
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Hard. 

Brittle. 

Easily  frangible. 

Uncommonly  heavy. 

Specific  gravity >  5.800  Brurmich:  6.450  Klaproth. 

Chemical  Characters. 

Before  the  blow-pipe,  it  becomes  brownish-black,  but 
is  infusible  or  irreducible,  either  alone  or  with  borax.  In 
a  charcoal  crucible,  Klaproth  obtained  0.6333  of  tin.  It 
38  little  affected  by  acids. 

Constituent  Parts. 

Klaproth  found  it  to  contain  in  the  hundred  parts,  63 
parts  of  tin,  with  iron  and  arsenic. 

Geognostic  and  Geographic  Situations. 

Has  been  hitherto  found  only  in  Cornwall,  and  tlierc  in 
alluvial  land,  accompanied  with  tinstone. 

Observations. 
It  bears  a  strong  resemblance  to  Brown  Hematite ; 
Scorn  which,  however,   it  is  distinguished  by  its  hair- 
brown  colour,  its  rolled  pieces,  greater  hardness,  and  high- 
er specific  gravity.  [Jameson^s  Mineralogy. 

Ores  of  Tin.       ■  Aikin. 

The  existence  of  native  tin  was  long  a  matter  of  doubt 
among  mineralogists.  It  has,  nevertheless,  been  undoubt- 
edly found  in  various  places.  Magellan,  among  other 
tpecimens,  mentions,  1.  Malleable  tin  in  a  granular  form, 
and  also  foliaceous,  bedded  in  a  white  h^  matter,  re- 
sembling quarta,  but  which,  on  proper  examination, 
proved  to  be  arsenic ;  a  circumstance  th^t  evinces  its  be- 
inig  native  tin,  because  the  arsenic  coold  not  have  retain- 
ed tins  form,  if  the  tin  had  undergone  the  fusing  heat« 
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It  appeared  like  a  thick  jagged  or  scolloped  lace  or  edg- 
ing, and  was  found  at  St.  Austel  in  Cornwall,  England.1 
2-  In  the  form  of  crystalline  metallic  laminae,  or  flat  ays- 
tals,  rising  side  by  side  out  of  an  edging,  which  shone 
like  melted  tin.  They  were  nearly  as  thin  as  the  leaves 
of  talc,  intersecting  each  other  in  various  directions,  wiA 
some  cavities  between  them,  within  which  appeared  many 
specks  and  granules  of  tin  that  could  easily  be  cut  with 
a  knife ;  this  also  came  from  Cornwall,  3.  In  a  mas^ 
form,  more  than  an  inch  thick  in  some  places,  and  enclos- 
ed in  a  stone  resembling  quartz,  which  was  taken  to  be  a 
liard  crust  of  crystallized  arsenic. 

All  the  ores  of  tin  hitherto  found,  except  the  sulphuret 
from  Huel  or  Wheal  Rock,  St.  Agnes,  Cornwall,  aie  in 
the  oxided  state.  They  are  remarkable  for  tlicir  great 
weight,  whicli  is  between  5.8  and  6.97,  according  to 
Klaproth. 

Tlic  common  ore,  called  tin- stone,  has  a  vitrified  ap- 
pearance, resembling  a  garnet  of  a  blackish-brown  colour, 
but  much  heavier.  Its  surface  is  shining,  sometinics 
striated,  and  its  fracture  lamellar ;  soft  enough  to  be  cut 
or  scraped  with  a  knife,  and  affording  a  pale  red  powder. 
Some  authors  assert,  that  it  contains  arsenic,  but  Kirwan 
positively  denies  the  existence  of  arsenic  as  a  mineralGzer 
of  tin.  The  Germans  call  the  irregular  compact  tin  ore 
foy  the  name  of  zinnstein ;  but  tlie  crystallized  tin-stones 
are  called  zinngraupen,  if  the  crystals  be  distinct  and 
somewhat  large.  The  zinnzwitter  <»ies,  in  which  die 
crystals  are  small,  and  not  so  distinct,  resemble  small 
grains,  scattered  through  a  compact  raw  tin-stone,  or  a 
stone  of  any  other  kind. 

The  common  matrix  of  tin  in  tlie  Cornish  mines  is  the 
killas,  and  the  growan.  This  consists  of  white  clay,  mix- 
ed widi  mica  and  quartz,  witliout  any  p^uticular  texture ; 
^vhich,  when  lamellar  and  hard,  is  called  gneiss  by  the 


Tin.  353 

Oermansy  and  is  nothing  else  but  decayed  granite,  in 
Bvhich  tlie  feltspar  has  been  broken  down  to  clay. 

The  zinngraupen,  or  brown  crj'staliized  tin-stone,  from 
ComwaQ,  consists  of  quadrangular  prisms,  or  double 
quadrangular  pyramids,  joined  by  their  bases,  so  tliat 
diese  crystals  are  octoedral;  these  are  found  at  Trwaun- 
smce  and  Soil-hole,  in  the  parish  of  St.  Agnes.  Similar 
prismatic  crj^stals,  but  of  as  small  a  size  as  a  hair,  are 
found  in  tin-stone  upon  killas,  at  Polgootli,  one  of  the 
richest  tin  mines,  which  produces  sometimes  a  clear  pro- 
fit from  100  to  1200/.  sterling  i>er  month. 

.  The  stream-tin  is  collected  in  the  vallies  of  the  tin 
mountains  in  Cornwall,  and  yields  a  considerable  quan- 
thy  of  this  metal.  The  soil  is  dug  several  feet  deep,  and 
washed  by  water  going  over  it,  till  the  heavier  particles  of 
the  ore  remain  at  the  bottom.  These  arc  nothing  else 
but  tlie  abrasions  of  the  tin  ores  over  the  mountains, 
ivbich  are  rolled  down  tlie  declivities  of  the  hills  to  lower 
grounds. 

The  stream-tin  from  Pcnsagillis  is  remarkable  on  ac- 
count of  the  native  gold  now  and  dien  met  with  in  it ; 
and  found,  though  very  rarely,  in  pieces  of  the  value  of 
two  or  three  pounds  sterling.  It  principally  consists  of 
itkmd,  oval,  and  somewhat  smooth  pieces,  from  the  size 
of  a  bean  to  that  of  a  pea,  and  less,  tlie  polished  surfaces 
rf  which  show  a  variety  of  reddish,  gray,  light- brown,  and 
dark  yellow  colours. 

The  wood-tin  ore  looks  like  hematites,  and  is  found  in 
the  parishes  of  St.  Columb,  Roach,  and  St.  Denis.  This 
is  without  any  crystallized  form,  and  has  a  very  inconsi- 
derable quantity  of  iron  with  it. 

Another  wood- like  tin  ore,  described  by  professor 
Brunnich,  shows  various  fine  fibres  converging  to  differ- 
ent centres,  like  a  radiated  zeolyte ;  but  is  so  compact 
and  hard,  as  to  strike  fire  with  sted.    Its  specific  graviu*, 
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at  45°  of  Fahrenheit,  is  5,80,  and  even  6.45.     It 
some  arsenic  and  a  considerable  pcntion  of  iron;   and] 
gives  sometimes  63.5  per  cent,  of  tin.    It  is  very 
and  found  only  in  small  pieces. 

The  tin  spar,  or  wliite  tin  ore,  is  generally  cf  a  whidsb 
or  gray  colour ;  sometimes  it  is  yellowish,  semitranspa- 
rent,  and  crystallized,  either  of  a  pyramidal  form,  or  iixt- 
gular.  It  resembles  a  calcareous,  or  rather  pcxideroia 
spar,  but  is  easily  known  by  its  great  weight,  and  shining 
greasy  appearance.  Its  fracture  also  is  vitreous.  It  was 
formerly  thought  to  contain  arsenic,  but  Margraaf  fixmd 
it  to  be  the  purest  of  tin  ores ;  tliough  it  is  said  to  contdn 
sometimes  a  mixture  of  calcareous  eartli.  Its  specific 
gravity  is==6.c  07. 

The  grains  are  of  a  spherical  polygonal  figure,  like  tbe 
garnets ;  but  seem  more  unctuous  on  their  surface.  It  is 
found  either  in  large  or  small  grains. 

Bergman  received  a  specimen  of  native  aurum  musivum 
from  Nerschinskoi  in  Siberia.  It  resembled  the  artificiil 
aurum  musivum  externally,  or  rather  tlie  aurum  musivun 
formed  a  crust  aivironing  a  nucleus  radiated  in  its  fiao 
ture,  and  resembling  a  white  metal.  It  yielded  to  tbe 
knife,  and  the  place  of  section  exhibited  a  variable  cdoor. 
Its  powder  was  black.  By  the  analysis,  it  proved  to  cod- 
sist  of  tin  mineralized  by  sulphur,  with  a  very  small  por* 
tion  of  copper.  In  tlie  Journal  de  Physique  for  1 ;  83,  it 
is  said,  tliat  the  specimen  was  too  small  to  admit  of  ad^ 
termination  of  the  quantities  in  the  large  way :  but  m  the 
preface  to  the  Sciagraphia  it  is  said,  that  the  native  aunin 
musivum  contained  forty  parts  of  sulphur  to  one  of  tin : 
and  the  other  mineral,  which  resembled  antimony,  conCaia* 
ed  one  fifth  part  of  sulphur  only. 

At  Huel  Rock,  in  St.  Agnes,  in  Cornwall^  there  Im 
been  found  a  metallic  vein  nine  feet  wide,  at  twenty  yards 
beneath  the  surface.    Raq)e  was  the  first  who  didomx* 
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.    ed  this  to  be  a  sulphuret  of  tin :  it  is  very  compact,  of  a 
f  blueish  white  colour,  approaching  to  gray  steel,  and  simi- 
t  lar  to  the  colour  of  gray  copper  ore :    it  is  lamellar  in  its 
^  texture,  and  very  brittle.     It  consists  of  sulphur,  tin,  cop- 
per and  some  iron.     Raspe  proposes  to  call  it  bell-metal 
Ore- 
According  to  Klaproth's  analysis  of  this  ore,  100  parts 
contain  25  of  pure  sulphur,  34  of  tin,  36  of  copper,  2  of 
iron,  and  three  grains  of  the  stony  matrix.     A  faint  smell 
of  arsenic  was  perceptible  in  roasting  it.     The  darker  va- 
rieties, however,  arc  much  poorer  in  tin,  and  contain  more 
iron. 

•  Bergman's  method  of  assaying  tin  ores  in  the  humid 
way  is  too  commonly  ineffectual.  Klaproth  gives  the 
foUovving  mode.  Mix  the  ore,  in  fine  powder,  with  a 
lixivium  containing  six  times  its  weight  of  caustic  pot- 
ash ;  evaporate  to  dryness,  in  a  silver  vessel,  on  a  sand 
heat ;  and  then  keep  in  a  state  of  moderate  ignidon  for 
. Jialf  an  hour.  Dilute  the  mass,  while  yet  warm,  with 
boiling  water,  and  filter.  Let  tlie  residuum  be  again  ig- 
nited with  six  times  its  weight  of  potash,  and  dissolve  in 
boiling  water,  as  before.  Mix  the  solutions,  and  add  mu- 
riatic acid,  till  the  precipitate,  which  falls  down,  is  dis- 
solved by  its  excess.  Separate  the  tin  from  the  acid  by 
-  carbonnt  of  soda ;  wash  the  precipitate ;  dry  it ;  and  re- 
dissolve  it  in  muriatic  acid  by  a  gentle  heat.  Into  the 
colourless  solution,  diluted  with  two  or  three  parts  of  wa- 
ter, put  a  stick  of  zinc,  and  in  a  few  days  the  M^ole  of 
the  tin  will  gather  round  it  in  dendritic  lammaEu  The  re- 
siduum left  after  the  second  solution  is  to  be  treated  with 
muriatic  acid,  and  what  tin  b  in  it  precipitated  by  zinc  in 
the  same  manner.  If  it  contain  any  iron,  this  may  now  be 
precipitated  by  prussiat  of  potash. 

The  sulphuret  requires  to  be  treated  somewhat  di&r- 
endy .    To  one  part  of  the  powdered  ore  add  four  of  mu- 
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riatic,  and  two  of  nitric  acid,  and  after  they  have  stood 
together  24  hours,  digest  for  some  time  in  a  gentle  sand 
heat ;  then  dilute  with  a  litde  water,  and  filter.  Let  dx 
sulphur  of  the  residuum  be  burned  off  on  a  test,  and  traft 
what  remains  with  fresh  nitro-muriatic  acid.  The  part 
not  soluble  being  ignited  with  a  little  wax,  the  inn  will 
be  reduced,  and  the  remainder  is  silex  from  the  matrix. 
The  solutions  are  to  be  precipitated  with  carbonat  of  ptt- 
ash ;  the  precipitate  redissolved  in  muriatic  acid  diluted 
with  three  parts  of  water;  and  a  stick  of  pure  tin  immers- 
ed in  this  solution.  The  copper  will  be  deposited  en  Ac 
tin,  and  leave  the  solution  colourless.  The  capper  being 
dissolved  by  brisk  digestion  in  nitric  acid,  if  any  tin  be 
mixed  with  it,  this  will  fall  down  in  tlie  state  of  while 
ozyde.  The  tui  may  be  separated  by  zinc,  as  in  the  pie- 
ceding  instance ;  and  what  was  dissolved  from  the  ^ask 
used  in  precipitating  the  copper,  must  be  deducted  fittim 
Its  weight. 

In  the  dry  way,  these  ores,  after  pulverizaticHi  and  se* 
paration  of  the  stony  matter  by  washing,  are  to  be  melftod 
with  a  mixture  of  double  their  weight  of  a  flux,  consist- 
ing  of  equal  parts  of  pitch  and  calcined  borax,  in  a  ouci- 
ble  lined  with  charcoal,  and  to  which  a  cover  is  luted; 
fusion  should  be  speedily  procured. 

Bergman  recommends  a  mixture  of  one  part  of  the  CR 
\i^ith  two  of  tartar,  one  of  black  flux,  and  half  a  part  of 
resin  i*  this  is  to  be  divided  into  three  parts,  and  each  suc- 
cessively projected  into  a  crucible  heated  white,  and  iiit- 
mediately  covered  after  the  foregoing  portion  ceases  to 
flame ;  the  whole  operation  takes  up  but  sevea  mimitesi 
or  less. 

Previous  to  smelting  in  the  large  way,  die  impure  ones 
of  tin  must  be  cleansed  as  much  as  is  possible  from  all 
heterogeneous  matters.  This  cleaning  is  more  necessa- 
ry in  ores  of  tin  than  of  any  other  metal,  because  in  the 
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smelting  of  tin  ores  a  less  intense  heat  must  be  given,  than 
is  sufficient  for  the  scorification  of  earthy  matters,  lest  the 
I  tin  be  oxyded.  Tin  ores  previously  bruised,  may  be 
cleansed  by  washing,  for  which  operation  tlieir  great 
weight  and  hardness  render  them  well  adapted.  If  they 
be  intermixed  with  very  hard  stones,  or  ferruginous  ores, 
a  slight  roasting  will  render  these  impure  matters  more 
friable,  and,  consequently,  fitter  to  be  separated  Srom  the 
tin  ores.  Sometimes  tliesc  operations,  the  roasting,  con- 
ti]^on,  and  lotion,  must  be  repeated.  By  roasting,  the 
ferruginous  particles  are  so  &r  revived,  tliat  they  may  be 
separated  by  magnets. 

The  ore,  thus  cleansed  from  adhering  heterogeneous 
matters,  is  to  be  roasted  in  an  oven,  or  reverberatory  fur- 
nace, with  a  fire  rather  intense  than  long  continued,  dur- 
'  ing  which  it  must  be  frequently  stirred  to  prevent  its  fu* 
.  sion.  By  this  operation  the  arsenic  is  expelled,  and  in 
some  works  is  collected  in  chambers  built  piuposely  a- 
bove  the  oxyding  furnace. 

Lastly,  the  ore  cleansed  and  washed  is  to  be  fused,  and 
reduced  to  a  metallic  state.    In  this  fusion,  attention  must 
.  be  given  to  the  following  particulars : 

1.  No  more  heat  is  to  be  applied  than  is  sufficient  for 
the  reduction  of  die  ore,  because  this  metal  is  fumble  with 
very  litde  heat,  and  is  very  easily  oxydable. 

2.  To  prevent  this  oxydation  of  the  reduced  metal,  a 
lai^  quantity  of  charcoal  is  used  in  this  than  in  the  other 
fusion. 

3.  The  scoria  must  be  fif^equentiy  removed,  lest  some 
of  the  tin  should  be  involved  in  it ;  and  the  melted  ore 
must  be  covered  with  charcoal  powder,  to  prevent  the  ox- 
ydation of  its  surface. 

4.  No  flux  or  other  substance,  exceptbg  the  scoria  of 
former  smeltings  which  contains  some  tin,  ^re  to  be  add- 
ed, to  facilitate  the  fusion. 
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The  above  methods  of  assaying  tin  ore,  by  means  of 
the  fixt  alkalies,  is  due  to  Klaproth :  but  the  following 
method  in  the  dry  way,  appears  to  me  sufficient  fiar  most  \ 
purposes,  and  less  complicated. 

Pound  the  ore ;  separate  it  from  the  stony  matters  diat  ' 
accompany  it ;  take  a  piece  the  size  of  a  pepper  com,  and 
roast  it  on  charcoal  with  the  blow  pipe ;  if  any  sulpba- 
reous  or  arsenical  fumes  should  arise  on  this  trial,  Ae 
pounded  ore  must  be  well  roasted  previous  to  fusion,  widi 
a  little  charcoal ;  if  no  such  vapours  appear,  Ac  roasting 
may  be  dispensed  with.  Take  400  grains  of  the  oie ; 
smear  the  sides  of  a  crucible  with  charcoal,  and  put  a 
small  quantity  of  charcoal  dust  in  the  bottom ;  mix  up 
your  pulverized  ore  with  pitch  and  sawdust ;  hite  a  co- 
ver on  your  crucible ;  urge  it  with  a  fire  quickly  nused, 
during  fifteen  minutes  in  an  air  furnace  or  blacksmith's 
fiorge. 

The  method  of  treating  the  ores  of  tin  in  ComwaQ,  Eng* 
land,  is  two-fold.  The  first  that  we  shall  mention,  is  thai  to 
which  the  tin-stone  from  the  mines  or  vein^in  is  subject- 
cd ;  the  second  b  that  by  which  the  stream  tin  is  re- 
duced. 

1.  The  vein-tin  is  procured  by  blasting,  and  when 
brought  to  the  top  of  the  pit,  is  in  firagments  of  various 
sizes,  and  mixed  so  largely  with  quartz,  ar^Uaocons 
schistus,  granite,  and  other  impurities  as  rarely  to  contain 
more  than  2  per  cent,  of  metal.  The  first  preparafion 
that  it  receives,  is  being  broken  by  hand  hammers,  about 
die  size  of  hens'  eggs,  after  which  it  is  ready  to  be  stamp- 
ed. Tlie  stamping- mill  is  of  the  usual  construction,  ex- 
cept that  the  stampers  are  only  three  in  number,  and  io 
front  of  the  trough  or  coffer,  there  is  uiserted  a  plate  of  tiB 
about  a  foot  square,  pierced  full  of  holes,  lai^  enough  to 
admit  a  moderate  sized  knitting-needle ;  that  surface  of 
the  plates  which  is  occupied  by  the  rough  extremities  d 
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the  holes,  is  placed  on  the  inside  of  the  trough,  by  which 
simple  and  effectual  contrivance,  the  holes  are  prevented 
from  being  plugged  up  by  the  ore.  In  proportion  as  the 
tin-stone  is  reduced  to  the  proper  degree  of  fineness,  it 
i>asses  with  the  water  through  these  holes  into  a  labjTinth, 
of  very  simple  construction ;  here  the  oxyd  of  tin  is  sepa- 
rated from  much  of  the  lighter  impurides,  and  by  subse- 
quent washing  on  a  wooden  table,  it  is  sufficiently  dres- 
sed to  be  sent  to  the  roasting  furnace ;  in  this  state  it  is 
ealled  black  tin,  and  is  generally  mixed  in  con^derable 
proportion  with  mispickcl,  and  iron  and  copper  py- 
rites. 

It  is  now  calcined  at  a  low  red-heat  in  a  large  reverbe- 
rator}-  furnace  for  several  hours,  in  order  to  volatilize  the 
arsenic  and  burn  off  the  sulphur,  (a  part  of  this  last  after 
being  acidified,  combines  with  the  oxyds  of  copper  and 
iron.)     The  ore  comes  out  of  the  roasting  furnajce,  of  a 
bright  ochery  red  colour,  owing  to  the  decomposition 
and  oxydation  of  the  pyrites  and  mispickel,  the  oxyd  of 
tin,  if  the  operation  has  been  well  performed  having  under, 
gone  not  the  least  alteration.     The  ore  is  now  \\'ashed  a 
second  time,  by  which  nearly  the  whole  of  the  impurities 
are  separated.  The  water  employed  in  this  process,  being 
considerably  impregnated  with  sulphat  of  cc^per  is  re. 
served,  and  afterwards  decomposed,  by  the  addition  of 
pieces  of  old  iron.     The  next  step  is  the  reduction,  pro- 
perly speaking;    for  this  purpose  a  reverberatory  fur- 
nace, about  seven  feet  long  and  three  and  a  half  feet  wide, 
is  charged  with  seven  hundred  cwt.  of  roasted  ch^  mixed 
with  one- fifth  of  its  bulk  of  culm  (Welch  small  coal)*  no 
lime  or  any  other  kind  of  flux  being  made  use  of ;  the 
fire  is  kept  up  pretty  brisk  for  about  six  hours,  and  the  tin 
in  proportion  as  it  is  reduced,  sinks  down  to  the  bed  of 
the  furnace,  being  covered  with  a  boiling  hot  bath  of 
black  scoriee. 

»  Giving  no  smoke.    T.C 
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At  tlie  expiration  of  dii^  period,  die  furnace  is  tapped 
by  means  of  an  iron  bar,  and  the  hot  metal  flows  into  a 
shallow  pit  at  the  foot  of  the  furnace.  When  the  v/b6k 
of  tlic  metal  has  run  out,  the  scorias  are  drawn  out  of  die 
furnace  widi  a  rake,  and  a  fresh  charge  is  immediately 
thrown  in.  While  the  metal  in  the  pit  is  red-hot,  it  throws 
up  a  quantity  of  slag  very  rich  in  metal,  which  is  imme- 
diatdy  returned  into  the  furnace,  and  the  melted  tin  after 
it  has  become  sufficienUy  cool,  is  taken  out  with  iron  lad- 
les and  poured  into  moulds  of  granite,  where  k  consoli- 
dates ;  each  charge,  affording  on  an  average,  from  four  to 
five  hundred  weight  of  metal.  The  first  scoriae  are  not 
entirely  exhausted  of  metal,  and  are  therefore  transfiared 
to  the  stamp-mill,  and  afterwards  washed,  in  order  to  se- 
fteurate  the  richer  particles,  which  are  then  mixed  with  the 
next  parcel  of  roasted  ore. 

The  pigs  of  tin  dms  procured,  are  next  put  without  anjr 
addition,  into  a  small  rcverberatory  furnace,  where  they 
are  exposed  to  a  very  gendc  heat,  the  purest  part  of  the 
tin  first  melts  as  it  is  drawn  off,  forming  the  common  grain 
tin ;  the  more  refractory  part  containing  a  small  but  van* 
able  portion  of  copper,  arsenic,  and  inni,  is  then  brbug^ 
to  a  state  of  fusion,  and  cast  into  pigs,  forming  the  com* 
mon  or  ordinarv  tin. 

2.  The  stream  tin-stone  is  not,  we  believe,  found  in  any 
other  part  of  Europe,  than  Cornwall,  (Eng.)  It  diflbs 
from  the  former  in  its  extreme  purity,  and  absolute  fifte> 
dom  from  arsenic,  and  in  its  occurring  in  alluvial  bed& 
The  largest  stream-tin  work  is  at  Cam,  about  two  miks 
to  the  S.  E.  cf  Perran,  not  far  firom  Redruth.  It  b  ^to^ 
ated  in  a  valley,  tlirough  \vhicli  flov\'s  a  stream,  the  course 
of  which  has  been  turned,  for  the  sake  of  getting  at  the 
treasure  concealed  beneath  its  bed.  The  workmen  first 
dig  through  a  stratum  about  fifty  feet  thick  of  clay,  shells 
and  black  earth,  in  which  has  been  found  hazel  nuts,  die 
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antlers  of  an  animal  of  the  stag  kind,  a  human  scul],  and  a 
copper  batde-axe;  to  this  succeeds  a  layer  of  rounded 
stcMies,  beneath  which  is  the  bed  of  tin  ore,  in  grains  and 
lumps  of  various  sizes.  The  thickness  of  this  bed  varies 
from  one  to  five  feet,  but  the  thickest  part  is  comparative- 
ly the  poorest.  The  whole  of  the  superincumbent  strata 
is  cut  away,  as  the  workmen  proceed,  so  that  the  general 
appearance  of  the  cavity  is  tliat  of  a  vast  gravel  or  sand 
pit,  near  half  a  mile  long,  and  aboyt  two  hundred  feet 
broad,  which  is  kept  cl|ear  of  water  by  the  powerful  action 
of  two  water-mill  pumps.  The  tin  ore,  as  it  lies  quite 
loose,  is  merely  shovelled  into  barrows,  and  wheeled  to 
the  head  of  the  works,  wh&re  it  is  thrown  under  a  thin 
sheet  of  water  which  washes  away  the  earth,  leaving  the 
pure  ore  behind.  After  this  simple  purification  the  ore  is 
sent  to  St.  Austle,  a  distance  of  about  twenty  miles,  to  be 
smelted.  Here  all  the  preparation  for  the  furnace,  that  it 
receives  b  being  bruised  and  passed  through  wire  sieves, 
containing  sixteen  meshes  in  the  square  inch.  The  fur- 
nace employed  is  called  in  Cornwall,  England,  a  blowing 
furnace,  and  is  in  fact  only  a  blast  furnace  of  the  simplest 
construction,  about  seven  feet  high,  and  supplied  with  air 
from  two  cylinders,  worked  by  an  overshot  x\'ater-wlicel. 
The  only  fuel  made  use  of  is  charcoal,  and  after  the  fur- 
nace  is  fully  heated,  it  is  fed  at  short  intervals  with  the  fol- 
lowing charge,  viz.  three  or  four  shovels-full  of  ore,  and 
two  or  three  half-bushels  of  charcoal,  no  flux  of  any  kind 
being  employed.  At  the  bottom  of  the  furnace  is  a  small 
channel,  through  which  the  reduced  tin  is  constantly  flow- 
ing into  a  pit  below,  accompanied  by  a  small  quantity  of 
slag,  which  is  removed  from  time  to  time,  and  thrown 
agsun  mto  the  furnace.  When  the  pit  is  full  of  tin,  it  is 
ladled  out  into  an  iron  boiler,  about  three  feet  in  diameter, 
with  a  small  fire  under  it,  to  keep  the  metal  sufficiently 
fluid :  two  or  three  large  pieces  of  charcoal  are  then  Idd 
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upon  the  tin,  and  plunged  to  the  bottom  by  means  of  aniroQ 
instrument  resembling  a  wheel,  with  a  Icmg  handle  fixed 
in  the  axle.  A  violent  ebullition  is  immediately  excitedi 
tod  a  little  slag,  which  was  before  mixed  with  the  metal, 
rises  to  its  surface,  and  is  scununed  off.  In  a  minute  or 
two  after,  the  metal  is  tried,  by  taking  up  a  ladleful  and 
pouring  again  into  die  mass,  when  if  it  appears  quitt; 
bright  like  silver,  and  of  an  uniform  consistence,  the  pu- 
rification is  complete,  and  nothmg  more  is  requisite  dian 
to  cool  it  to  a  proper  degree,  and  lade  it  into  the  moulds^ 
by  which  it  is  formed  into  pigs,  weighing  firom  two  to 
three  hundred  weight  each.  If  the  metal  is  poured  too  hot 
into  the  moulds,  it  is  apt  to  be  brittle.  Good  stream-tin 
affords  fi:t)m  65  to  75  per  cent,  of  the  very  best  and  purest 
grain  tin. 

None  of  tlie  Cornish  tin  may  be  sold  till  it  has  beea 
coined ;  for  this  purpose  a  small  piece  is  cut  off  firom  eve- 
ry pig  and  assyed  ;  if  it  appears  of  the  requisite  purity,  it 
receives  the  stamp  of  the  Duchy,  and  pays  to  the  Prince  of 
Wales,  as  Duke,  four  shillings  per  cwt. 

Tin  is  a  metal  of  a  yellowi^  white  colour,  considerab^ 
harder  than  lead,  scarcely  at  all  sonorous,  very  malleable, 
though  not  very  tenacious.  Wires  cannot  be  made  of  it ;  but 
under  the  hammer  it  is  extended  into  the  leaves,  called  tin 
foil,  which  are  about  one  thousandth  of  an  inch  thick,  and 
might  easily  be  beaten  to  less  than  half  that  thickness,  if 
the  purposes  of  trade  required  it.  Aikiru 

The  following  remarks  of  the  Bishop  of  Landaff,  on 
Tin,  on  the  alloys  of  Tin,  and  on  the  tinning  of  copper 
vessels,  arc  very  instructive.  * 

**  Tin  ore,  though  it  is  sometimes  unmixed,  is  often 
othenvise ;  it  frequendy  contains  both  tin,  and  iron*  and 
copper.  The  fire  with  which  tin  ore  is  smelted,  is  suffi- 
ciently strong  to  smelt  the  ores  or  the  other  metals  whicb 
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are  mixed  with  it ;  and  hence  the  reader  may  understand^ 

that,  without  any  fraudulent  proceeding  in  the  tin  smelter, 

there  may  be  a  variety  in  the  purity  of  tin,  which  is  eit* 

posed  to  sale  in  the  same^untry ;  and  this  variety  bstitt 

more  likely  to  take  place,  in  specimens  of  tin  from  difl&r- 

ent  countries,  as  from  the  East  Indiesy  from  Mngkmd^  and 

from  Qermany.    This  natural  variety  in  the  purity  of  tin, 

though  sufficiently  discernible,  is  far  less  than  that  which 

is  fraudulendy  introducedf  *  Tin  is  above  five  times  as 

dear  as  lead;  and  as  a  mixture  consisdngofa  large  por* 

tion  of  tin  with  a  small  one  of  lead,  cannot  easily  be  dis« 

tinguished  from  a  mass  of  pure  tin ;  the  temptation  to 

adulterate  tin  is  great,  and  the  fear  of  detection  small.     In 

Conrwall,  the  purity  of  tin  is  ascertained,  before  it  is  ex* 

posed  to  sale,  by  what  is  called  its  coinage  :  the  tin,  when 

smelted  from  the  ore,  is  poured  into  quadrangular  moulds 

of  stone,  contahiing  about  320  pounds  weight  Of  metal, 

which,  when  hardened,  is  called  a  block  of  tin ;  each  block 

of  tin  is  coined  in  the  following  manner :— -^^  the  (Acers 

appointed  by  the  duke  of  Cornwall,  assay  it,  by  taking  off 

a  piece  of  one  of  the  under  comers  of  the  block,  pardy  by 

cutting  and  partly  by  breaking ;  and  if  well  purified  thqr 

stamp  the  face  of  the  block  with  the  impression  of  the 

seal  of  the  Duchy,  which  stamp  is  a  permisssion  for  the 

owner  to  sell,  and  at  the  same  time  an  assurance  that  the 

tin  so  marked  has  been  purposely  examiqcd,  and  found 

merchantable^."  This  rude  mode  of  assay,  b  not  wholly 

improper,  for  if  the  tin  be  mixed  with  lead,  the  lead  will 

by  its  superior  weight  sink  to  the  bottom,t  and  thus  be 

liable  to  be  discovered,  when  the  bottom  comer  of  the 

block  is  examined.    But  though  the  seal  of  the  Duchy 

may  be  some  security  to  the  original  purchasers  of  block 

tin,  it  can  be  none  at  all  to  those  foreigners  who  purchasp 

•  BoriaseN  Nat.  Hist,  of  Corn.  p.  183. 
1 1  doubt  tla».    T.  C. 

Vol.  IIL  Y  y 
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our  tin  firom  Holland :  for,  if  we  may  believe  an  author 
of  great  note, — ^^  in  Holland  every  tin  founder  has  English 
stamps,  and  whatever  his  tin  be,  the  inscription,  block  tin, 
makes  it  pass  for  English^/'j^This  fcx^ign  adulteration 
of  Engli^  tin  may  be  the  reason  that  Mus^henbrotcky 
who  was  many  years  professor  of  natural  philosopl^-  at 
Utrecht,  puts  the  specific  gravity  of  what  he  calls  pure 
tin  equal  to  7320,  but  that  of  English  tin,  and  he  has 
been  followed  by  fValUrius^  equal  to  747  If ;  for  it  will 
appear  presendy,  that  such  sort  of  tin  mint  have  contain- 
ed near  one  tenth  of  its  weight  of  lead. 

Weight  of  a  cubic  foot  of  English  tin,  acccxdii^  to 
different  authors. 

Cotes,  Ferguscm,  Emerson  7320  oz.  avoir. 

Boerhaave's  Chem.  by  Shaw  7321 
Musschenbroeck  and  Wallerius  7471 
Martm  7550 

From  the  following  experiments  it  piay  appear  proba- 
ble, that  not  one  of  these  authors,  in  estimating  the  ^- 
cific  gravity  of  tin,  has  used  the  purest  sort,  but  rather  a 
mixture  of  that  with  lead,  or  some  other  metal. 

A  block  of  tin,  when  it  is  heated  till  it  is  near  melting, 
or  after  being  melted,  and  befbre  it  becomes  quite  fixed, 
issobritde  that  it  may  be  shattered  into  a  great  many  la^ 

*  Newman's Cbem.  by  Lewis,  p.  89. 

f^usachen.  Ess.  de  Pbys.  1739.  French  Trans.  Wallem 
1^.  Vol.  1.  p.  154.  There  is  a  very  good  table  of  specific  grvri- 
ties,  published  in  the  second  volume  of  Musschenbroeck's  Intra* 
ductio  ad  PhUoeofihiam  Ahturalemy  1763,  in  which  the  author  does 
more  justice  to  English  tin,  putting  the  weight  of  a  cubic  foot  of 
the  purest  sort  equal  to  7395  avoir,  oun.  One  specimen  of  the 
purest  9ort  of  Malacca  tin  gave  7331,  and  another  6125  ounces  a 
cubic  fbot«  which  is  the  lightest  of  aU  the  tins  which  he  ex- 
amined. 
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pijeces  Uke  icicles,  by  a  smart  blow  of  an  hammer^ :  tin 
in  this  form  is  called  by  our  own  manufacturers  grain  tin^ 
by  foreigners  virgin  tin,  or  tears  of  tin  :  and  they  tell  us, 
that  its  exportation  from  Britain  is  prdiibited  under  pmn 
of  deathf.  The  tin  which  I  used  in  the  following  expe- 
riments, was  of  this  sort,  but  I  first  melted  it,  and  let  it 
cool  gradually ;  a  circumstance,  I  suspect,  of  some  con- 
sequence in  determining  the  specific  gravity  not  only  of 
tin,  but  of  other  metals.  I  have  put  down  in  the  follow- 
ing taible,  the  spoeific  gravity  of  this  tin,  and  of  the  lead  I 
mixed  with  it  by  fusion,  and  of  the  several  mixtures  when 
quite  cold ;  the  water  in  which  they  were  weighed  was 
60^. 

Weight  of  a  Cubic  foot  of  lead,  tin,  &c. 


Lead 

> 

- 

1 1270  oz.  avoir. 

Tin 

. 

. 

7170 

Tin  32 

parts, 

lead  1- 

-7321 

Tin  16 

— 

lead  1- 

-7438 

Tin  10 

— 

lead  1- 

-7492 

Tin    8 

— 

lead  1- 

-7560 

Tin    5 

— 

Icad  1- 

-7645 

Tin    3 

— 

lead  1- 

-7940 

Tin    2 

■— ' 

lead  1- 

-8160 

Tin    1 

_^ 

lead  1- 

-8817 

Blocks  of  tin  are  often  melted  by  the  pewterers  into 
small  rods ;  I  think  the  rods  are  not  so  pure,  as  the 

*  This  property  is  not  peculiar  to  tin,  I  kaYC  seen  masses  onead 
which,  under  similai*  circumstances,  exhibited  similar  appearances, 
and  it  has  been  observed,  that  zinc,  when  heated  till  it  is  just  ready 
to  be  fused,  is  brittle. 

t  £ncy.  Fran'i  and  Mr.  Baume  calls  it  etsdn  en  roche,  a  cause 
que  sa  forme  resemble  a  des  stalactites ;  he  says  also,  that  its  ex- 
portation is  prohibited,  but  that  be  does  not  see  the  reason  for  the 
prohibition,  as  it  is  not  more  pure  than  Cornish  tin :  and  in  this  ob* 
serration  he  is  right,  it  is  nothing  but  Cornish  tin  in  a  particular 
form.    Chym.  par  M.  Baume,  vol.  III.  p.  432. 
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grain  tiiii  at  kttt,  I  found  that  a  cubic  foot  of  Ac  spe. 
chnen  I  examined,  weighed  7246  ounces  ;  but  even  du 
sort  exceeds  in  purity  any  of  the  kinds  examined  by  ibt 
authors  above  mentioned.  Chemistry  affords  oertun  me- 
thods of  discovering  the  quantity  of  lead  with  which  tin 
is  alloyed,  but  ,these  methods  are  often  troublesome  in  die 
application;  an  enlarged  table,  of  the  kind  of  whidil 
have  here  given  a  specimen,  will  enable  us  to  judge  widi 
auflicient  precision  of  the  quantity  of  lead  contained  in  any 
mixture  of  tin  and  lead,  of  which  we  know  the  spodic 
levity.  Pewterers,  however,  and  other  deakra  in  tin, 
use  not  so  accurate  a  method  of  judging  of  its  purii^,  but 
one  founded  on  the  same  principle ;  for  the  specific  gia- 
vities  of  bodies  being  nothing  but  the  weights  of  equal 
bulks  of  them,  they  cast  a  bullet  of  pure  tin,  and  anodxr 
of  the  mixture  of  tin  and  lead,  wluch  they  want  to  exa- 
mine, in  the  same  mould ;  and  the  more  the  bullet  of  the 
nuxture  exceeds  the  bullet  of  piue  tm  in  weighty  the  took 
kad  they  conclude  it  contains. 

Pewter  is  a  mixed  metal ;  it  consists  of  tin  united  to 
small  portions  of  other  metallic  substances,  such  as  lead, 
zinc,  bismuth,  and  the  metallic  party  commonly  calkd, 
regubis  of  antimony.  We  liave  three  sorts  of  pewter  in 
common  use;  they  are  distbguished  by  the  names  of 
plate-^trifle — ley.  The  plate  pewter  is  used  for  {dates 
and  dishes  ;  the  trifle  chiefly  for  pints  and  quarts ;  and 
the  ley-metal  for  wit^  measures,  &c.  Our  very  best  sort 
of  pewter  is  said  to  consist  of  100  parts  of  tin,  and  of  i7 
of  it^lus  of  antimony,*  though  others  allow  only  10 
parts  of  regulus  to  100  (^  tinf ;  to  this  composition  die 
French  add  a  little  copper.  Crude  antimony,  which  con* 
sists  of  nearly  equal  portions  of  sulphur  and  of  a  metsdlic 

*  Med.  Trans,  vol.  I.  p.  286, 
t  Penib.  Chem.  p.  322. 
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substance,  may  be  taken  inwardly  with  great  safety ;  but 
the  metallic  part,  or  regulus^  when  separated  from  the  sul« 
phur,  is  held  to  be  very  poisonous.  Yet  plate  pewter 
may  be  a  very  innocent  metal,  the  tin  may  lessen  or  anni- 
hilate the  noxious  qualities  of  the  metallic  part  of  the  anti- 
mony. We  have  an  instance  somewhat  similar  to  this  in 
standard  silver,  the  use  of  which  has  never  been  esteemed 
unwholesome,  notwithstanding  it  contains  near  one 
twelfUiof  its  wdght  of  copper^  Though  standard  silver 
has  always  been  considered  as  a  safe  metal,  when  used  for 
culinary  purposes ;  yet  it  is  not  altogether  so,  the  copper 
it  contains  b  Uabk  to  be  c(»Toded  by  saline  substances  in* 
to  verdigris.  This  is  frequently  seen,  when  common 
salt  is  suffered  to  stay  a  few  days  in  silver  salt- cellars, 
ifvhich  have  not  a  gold  gilding ;  and  even  saline  draughts, 
made  with  volatile  salt  and  juice  of  lemons,  have  been 
observed  to  corrode  a  silver  tea  spoon,  whicii  had  been 
left  a  week  in  the  mixture. 

The  weight  of  a  cubic  foot  of  each  of  these  sorts  of 
pewter  is, 

Plate         -         7248 

Trifle        -         7359 

Ley  .         7963. 

If  the  plate  pewter  be  composed  of  tin  and  reguhis  of 

antimcxiy,  there  is  no  reason  to  expect,  that  a  cubic  foot 

of  It  should  be  heavier  than  it  appears  to  be ;  since  regit" 

bis  of  antimony,  according  to  the  di^rent  wayvS  in  which 

it  is  made,  is  heavier  or  lighter  than  pure  tin.  A  very  fine 

sBver-looking  metal  is  said  to  be  composed  of  K'O  pounds 

of  tin,  8  of  regulus  of  antimony,  1  of  bismuth,  and  4  of 

copper.    The  ley  pewter,  if  we  may  judge  of  its  compo. 

'  stion  by  comparing  its  weight  with  the  weights  of  the 

mixtures  of  tm  and  lead,  mentioned  in  the  table,  ccmtains 

not  so  much  as  a  third,  but  more  than  a  fifth  part  of  its 

weight  of  kad ;  this  quantity  of  lead  is  far  too  much, 
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considering  one  of  the  uses  to  which  this  sort  of  pewter  is 
applied ;  for  acid  wines  will  readily  corrode  the  lead  of 
the  flaggonsi  in  which  they  are  measured,  into  sugar  of 
lead  ;  this  danger  is  not  so  great  with  us,  where  wine  is 
seldom  sold  by  the  measure,  as  it  is  in  other  countries 
where  it  is  generally  sold  so,  and  their  wine  measures  con- 
tain, probably,  more  lead  tlian  ours  do.     Our  EngliA 
pewterers  have  at  all  times  made  a  mysteiy  of  their  art, 
and  tlieir  caution  was  formerly  so  much  encouraged  by 
the  le^slature,  that  an  act  of  parliament  was  passed,  ren- 
dering it  unlawful  for  any  master  pewterer  to  take  an  ap- 
prentice, oc  to  employ  a  journeyman  who  was  a  fixeigner. 
In  the  present  improved  state  of  chemistry,  this  caution 
is  useless ;  since  any  one  tolerably  skilled  in  that  sdenoCi 
would  be  able  to  discover  the  quality,  and  quantity  of  dK 
metallic  substances,  used  in  any  particular  sort  of  pewter; 
and  it  is  not  only  useless  now,  but  one  would  have 
thought  it  must  have  been  always  so ;  whilst  tin,  the  prin- 
cipal ingredient,  was  found  in  no  part  of  Europe  in  so 
pure  a  6tate,  nor  in  so  great  plenty  as  in  England. 

Borlase  and  Pryce^  who  have  written  so  minutely  on 
tlie  method  of  preparmg  die  tin  in  Cornwall^  are  both  of 
them  silent,  as  to  any  operation  the  tin  undergoes  subsequent 
to  its  coinage ;  nor  do  they  say  any  thing  of  its  being 
mixed  with  odier  metallic  substances  previous  to  its  ccun- 
age ;  but  assure  us,  that  the  tin,  as  it  flows  from  the  ore, 
is  laded  into  trouglis,  each  of  which  contains  about  duee 
hundred  pounds  weight  of  metal,  called  slabs,  blocks,  or 
pieces  oiftin,  in  which  size  andjbrm  it  is  sold  in  evciy 
market  in  Europe.  Foreigners,  however,  in  general  as- 
sert, that  our  tin  as  exported  is  a  mixed  metal ;  and  die 
French  Encyclopedists  in  particular  (ardcle  ettnn)  inform 
us,  on  the  authority  of  Mr.  RotLcUcj  that  the  virgin  tin  is 
again  melted  and  cast  into  iron  moulds  of  half  a  foot  in 
tliickness;  that  the  metal  is  cooled  very  ^wly;  that 
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when  cdd  it  is  divided  horizontally  into  three  layers;  that 
the  uppermost,  being  very  soft  pure  tin,  is  afterwards 
I  mixed  with  copper,  in  the  proportion  of  3  pounds  of  cop- 
per to  100  of  tin ;  that  the  second  layer,  being  of  a  harsher 
naturt,  has  5  pounds  of  lead  added  to  an  100  of  the  tin ; 
and  that  the  lowest  layer  is  mixed  with  9  pounds  of  lead 
to  an  hundred  of  the  tin;  the  whole  is  tlien  re-melted, 
and  cooled  quickly,  and  this,  they  say,  is  the  ordinary  tin 
of  £ngland ;  and  Geoffiroy  had  formerly  given  much  the 
same  account.^  There  is,  probably,  no  other  founda- 
tion io£  this  report,  but  that  pewter  has  been  mistaken  for 
tin,  these  metals  being  sometimes  called  by  the  same 
name ;  and  fine  pewter  being  sometimes  made  fix>m  a 
mixture  of  1  part  of  copper  with  20  or  30  parts  of  tin. 

The  mixture  generally  used  for  the  tinning  of  copper 
vessels,  consists  of  3  pounds  of  lead,  and  of  5  pounds  of 
pewter ;  when  a  finer  composition  is  required,  ten  parts 
of  lead  are  mixed  with  sixteen  of  tin ;  or  one  part  of  lead 
with  two  of  tin  ;  but  the  proportions  in  which  lead  and 
tin  are  mixed  together,  even  for  the  same  kind  of  work^ 
are  not  every  where  the  same ;  difftfrent  artists  having  dif- 
lerent  customs.  Vessels  tinned  with  pure  tin,  or  with 
the  best  kind  of  pewter,  which  contains  no  lead,  do  not 
stain  the  fingers  when  rubbed  with  them :  whilst  those 
which  are  tinned  with  a  composition,  into  which  lead  en- 
ters as  a  constituent  part,  colour  the  fingers  with  a  black- 
ish tinge. 

•  ■  ■  ■  fusores  aperto  fumi  ostiolo,  metallum  in  formas  quasdam 
ex  arena  paratas  difflucre  sinunt,  ibiquc  in  xnassas  grandiorcs  con- 
crescit.  Superior  stanneae  maisse  pai*s  adeo  mollis  est  ct  flcxilis 
ut  sola  elaborari  oequcat  sine  cupri  miscela,  trium  scilicet  librarum 
luper  stanni  libras  centum.  Massse  pars  media  binas  tantum  cu- 
pri libras  recipit.  Infima  vero  adeo  fragilis  est  et  intractabilis, 
ut  cum  hujus  mctalli  centum  llbris  plumbi  libras  octodecim  con* 
lociare  oporteat.    Gee(r.  Mat.  Med.  vol.  I.  p.  28?: 
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Zinc  was  long  ago  recommended  tot  the  tiiuung  of 
copper  vessels,  iii  preference  both  to  the  mixture  of  tin 
and  lead,  and  to  pure  tin*  :  and  zinc  certainly  has  tic 
advantage  of  being  harder  than  tin,  and  of  bearing  a  great- 
er d^reeof  heat  before  it  will  be  melted  from  the  surGne 
of  the  copper;  so  that  on  both  these  accounts  it  would, 
when  affiled  on  die  surface  of  copper,  last  Icmger  dun 
tin ;  just  as  tin,  for  the  same  reasons,  lasts  longer  than  a 
mixture  of  tin  and  lead.  But  whether  zinc  makes  any 
part  of  the  compound  metal  for  tinning  copper,  so  as  to 
prevent  the  necessity  of  repeated  tinning,  for  wluch  a  pa« 
tent  was  granted  some  years  ago,  is  what  I  cannot  a&m. 
Whatever  may  be  the  excellence  of  tliat  composition,  or 
of  any  other  composition,  which  may  be  invented  wilfa 
respect  to  its  durability,  and  its  not  contracting  rust ;  still 
it  ought  not  to  be  admitted  into  general  use,  tiD  it  has 
been  proved,  that  it  is  not  soluble  in  vegetable  acids,  or 
that  its  solutions  are  not  noxious^f  A  method  has  d 
late  years  been  introduced  at  Rouen^  of  applying  a  coat  of 
zinc  upon  hammered  iron  sauce-pans.  The  vessels  are 
first  made  very  bright,  so  that  not  a  black  speck  can  be 
seen ;  they  are  then  rubbed  with  a  solution  of  sal  ammo- 
niac, and  afterwards  dipped  into  an  iron  pot  full  of  mdtod 
zinc,  and  being  taken  out,  the  zinc  is  found  to  cover  Ac 
surface  of  the  iron ;  and  if  a  thicker  coat  oi  '£\i\r.  Is  i^mt- 
ed,  it  may  be  obtained  by  dipping  die  vessel  u  b^cood 
time.  This  kind  of  covering  is  so  ^  *  :,  Muit  the  vesads 
may  be  scoured  with  s-i^rc?  //: !_  .:  i.^  being  rubbed  rf4 

•  Mem.  f?;'  i'A'::ui.  uws  Scien.  a  Par.  1742. 

t  This  Cviubt  with  respect  to  xinc  is  said  to  have  been  remoTcd 
M.  do  hi  Planche,  a  physician  at  Paris,  tried  the  experiment  oo 
himself:  he  took  the  salts  of  zinc,  formed  by  the  vegeUble  addit 
in  a  much  stronger  dose  than  the  aliments  prepared  in  copper 
vessels,  lined  with  zinc,  could  have  contained,  and  he  felt  no  dan- 
{;crous  effects  from  them.    Fourcroy's  Chem.  i-ol.  I.  p.  449. 

I  Joum.  dePhy.  Decern.  1778. 
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Kitchen  utensils,  which  are  made  of  cast  iron,  are  nsualljr 
tinned  to  prevent  the  iron's  rusting  ;  and,  as  great  im* 
provements  have  been  lately  made  in  rendering  east  iron 
malleable,  it  is  not  unlikely,  but  that  tinned  iron  vessela 
may  become  of  general  use. 

The  common  method  of  tinning,  consists  in  making 
the  surface  of  the  copper  vessel  quite  bright,  by  scraping 
it,  and  by  washing  it  with  a  solution  of  sal  ammoniac ;  it 
is  then  heated,  and  the  tin,  or  metallic  mixture  designed 
|br  tinning,  is  mdted,  aqd  poured  into  it,  and  being  made 
quickly  to  flow  over  every  part  of  the  surface  of  the  vessel, 
it  incorporates  with  the  copper,  and,  when  cold,  remains 
united  with  it.  Rosm  or  pitch  are  sometimes  used,  to 
prevent  the  tin  from  being  calcined,  and  the  copper  from 
being  scaled,  either  of  which  circumstances  would  liinder 
the  sticking  of  the  tin. 

I  had  the  curiosity  to  estimate  the  quantity  of  pure  tin, 
i^ich  is  used  in  tinning  a  definite  surface  of  copper.  The 
vessel  was  accurately  weighed  before  and  after  it  was  tin* 
ned,  its  surface  was  equal  to  254  square  inches;  its 
^weight,  before  it  was  tinned,  was  46  ounces,  and  its 
ivdght,  after  the  operation,  was  barely  46 1-2  ounces ;  so 
Ihat  half  an  ounce  of  tin  was  spread  over  254  square  inch* 
cs,  or  somewhat  less  than  a  grain  of  tin  upon  each  square 
inch.  How  innocent  soever  pure  tin  may  be,  yet  tli^  tc^ 
nuity  of  the  coat  of.it,  by  which  co[^>er  vesseb  are  co» 
vered,  in  the  wdinary  way  of  tinning,  cannot  finl  to  ex- 
cite the  serious  apprehensions  of  those  who  consider  it  i, 
for  in  the  experiment  which  I  have  mentioned,  the  tin  was 
laid  on  with  a  thicker  coat  than  in  the  common  way ; 
instead  of  a  grain,  I  suspect  that  not  a  quarter  of  a  grain 
c»f  tin  is  spread  over  a  square  inch  in  die  common  way  of 
tinning.  A  discovery  luis  been  lately  made  at  Paris  of  a 
method  of  ^ving  to  copper  or  iron  a  coat  of  any  required 
thickness,  by  tinning  them ;  the  composition  used  fbr 
Vol.  III.  Z  z 
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the  tinning  is  not  mentioned,  but  it  is  said  that  a  piece  of 
cc^per,  which  in  the  common  way  of  tinning  only  absorb- 
ed 21  grains  of  tin,  absorbed  of  tlie  new  composition  433 
grains,  or  above  tx^'enty  times  as  much.*  Till  tlus  dis^* 
covcry  is  generally  known,  our  workmen  should  study  to 
cover  the  copper  widi  as  thick  a  coat  as  tliey  are  able  of 
pure  tin.  The  danger  from  the  corrosion  or  solutimi  of 
the  tin  by  vinegar,  juice  of  lem<His,  or  other  vegetable 
acids,  if  any  at  all,  cannot,  it  b  appreliended,  be  sensiUy 
felt,  except  bi  very  irritable  habits,  or  where  sour  broths, 
sauces,  or  s}Tups  are  suffered  to  stand  long  in  tinned  ves^ 
sels  before  they  are  used*  And,  indeed,  a  proper  atten- 
tion to  kecpmg  the  vessels  clean,  might  render  the  U9e  of  cop- 
per itself,  for  the  boiling  of  foodf  especially  of  animal  food, 
wholly  safe.  The  French  may  be  allo\\  ed  to  excd  us  in 
cookery,  but  we  probably  excel  diem  in  cleanliness ;  fir 
the  melancholy  accidents  attending  the  use  of  copper  \ts- 
sels,  are  much  less  frequent  in  England  than  in  France ; 
and  this  difference  proceeds,  I  conjecture,  from  the  supe- 
rior care  of  the  English  in  keeping  tlicir  vessels  clean,  and 
from  the  clicapness  and  purity  of  the  tin  we  use  in  tinning 
copper.  We  are  not  certain  that  the  art  of  tinning  cop- 
per vessels  was  known  to  the  /<?n;^,  when  they  came  out 
of  Egypt ;  the  vessels  used  in  tlie  lemple  service,  were 
made  of  copper  by  divine  appointment ;  and  by  being 
constant!}'  kept  clean,  no  inconveniences  followed.  The 
wort,  from  which  malt  liquor  is  brewed,  is  boiled  in  cop- 
per vessels ;  the  distillers  and  confectioners,  preparcf  their 
spirits  and  synips  in  un-tinned  vessels  of  the  same  metal, 
without  our  suffering  any  thing  in  our  health  from  tljpse 
practices ;  at  least,  without  our  being  generally  persuaded 
that  we  suffer  any  thing.  A  new  copper  vessel,  or  a  ccq)- 
per  vessel  new  ly  tinned,  is  more  dangerous  than  after  it 

*  L'Esprit  dea  Journaux,  Mai,  irS5. 
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haji  been  used ;  because  its  pcH'es,  wluch  the  eye  cannot 
distinguish,  get  filled  up  with  the  substances  which  are 
boiled  in  it,  and  all  the  sharp  edges  of  the  prominent  parts; 
become  blunted ;  and  arc  thereby  rendered  less  liable  to 
be  abraded. 

AL  cfc  la  Landcj  in  describing  die  cabinet  at  Portici^  ob- 
serves, that  the  kitchen  utensils,  which  luive  been  dug  up 
at  HfTculaneum^  are  almost  all  of  them  made  of  a  com- 
pound metal  like  our  bronze,  and  that  many  of  the  vessels 
arc  covered  \vith  silver,  but  none  of  them  with  tin  :  and 
hence  he  concludes,  thiit  the  useful  art  of  applying  tin 
upon  copper,  was  unknown  to  die  Romans;  cet  art  utile 
d*  appUquer  P  etain  sur  le  cuivre  manquoit  aux  RomainsJ^ 
By  die  same  mode  of  arguing,  it  might  be  inferred,  that 
whatever  is  not  met  with  in  one  house  or  town,  is  not  to 
be  found  in  a  whole  country :  yet,  should  a  town  in 
England,  in  which  there  happened  to  be  plenty  of  tinneijy 
but  no  plated  or  silvered  copj)er,  be  swallo^ved  up  by  an 
earthquake,  a  future  antiquary,  employed  in  digging  up 
its  ruins,  would  make  a  bad  conclusion,  if  he  should 
thence  infer,  that  tlie  English  understood,  indeed,  at  that 
time  the  art  of  applying  a  covering  of  tin,  but  not  one  of 
silver  upon  copper.  If  the  ingenious  author  had  recol- 
lected wliat  is  said  in  die  3 1th  book  6[  Pliny^s  Natural 
History,  he  woidd  have  seen  reason  to  believe,  that  the 
Romans,  at  least  wlien  Pliny  wrote  that  book,  did  under- 
stand the  method  of  tinnbg  copper  which  is  now  in  use ; 
for  this  great  naturalist  assures  us  in  express  terms,  that 
tin  smeared  upon  copper  vessels,  rendered  the  taste  more 
agreeable,  and  restrained  die  virulence  of  die  copper  rust. 
It  is  to  no  purpase  to  object,  that  the  tin  (stannum)  of 
Pliny,  was  a  substance  diflercnt  from  our  tin ;  for  diough 
it  sliould  be  hi  some  measure  granted,  diat  it  was  a  mix- 

♦  Voyage  d'  un  Francois  en  Italle,  vol.  VII.  p.  120. 
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ture  of  lead  and  silver,  yet  the  same  author  tells  us,  in  dc 
same  place,  that  white  lead  {plumbum  album)^  by  wluch 
it  b  universally  allowed  our  tin  is  meant,  was  sp  incorpo- 
rated with  copper  by  boiling,  that  the  copper  could  scarce- 
ly be  ^Ustinguised  from  silver.*  Nay,  it  appears  that 
tdie  Romans  not  only  used  pure  tin,  but  the  same  mix- 
ture of  tin  and  lead,  which  some  of  our  w(»*kmen  use  at 
this  time  b  tinning  vessels.  A  mixture  of  equal  parts  df 
tin  and  lead,  they  called  urgentarium  ;  a  mixture  of  two 
parts  of  lead  and  one  of  tin,  they  call  tertiarhan  ;  and 
vAih  equal  parts  of  tertiarium  and  tin,  that  is,  widi  two 
parts  of  tin  and  one  of  lead,  they  tinned  whatever  vesseb 
tiiey  thought  fit.  They,  moreover,  applied  silver  upon 
copper,  in  the  same  way  in  which  they  applied  tin  upon  it  ;t 
tnd  they  used  this  silvered  copper  ( I  do  not  call  it  plated^ 
because  copper  is  plated  by  a  different  process)  in  orna- 
menting their  carriages,  and  the  harness  of  their  horses, 

*  Stamum  illitum  xneis  vasls,  saporem  gratiorem  reddit,  et 
compescit  seruginis  virus,  mirumque,  pondas  non  augeU-ifitn 
the  weight  qf  the  copper  not  being  aeruibly  increased  (fer 
Pliof  here  speaks  popularly)  we  may  infer,  that  the  coTering  of 
tin  which  the  copper  received  was  very  slight,  and  the  art  attuded 
to  by  Pliny  in  this  place,  watf  probably  the  same  with  that  of  tia- 
lung  now  in  use— <dbum  (scil.  plumbum)  incoquitur  sereia  operibuii 
GalliaruminventOiitaut  vix  discemi  posait  ab  argento,  eaque  in- 
coctilia  vocant  This  description  seems  to  be  expressive  of  the 
manner  of  tinningy  by  putting  the  copper  into  melted  tin,  as  b 
practised  hi  the  tinning  of  iron  plates.  Plm.  Hist.  Kat.  L.  XXXIV, 
&  XLIII. 

t  — — *  deinde  et  argentum  incoquere  simili  modo  coepere  equo- 
rummaximeomamentis,  8cc.    Id.  ib. 

To  the  preceding  authorities  I  add  that  many  utensils  of  copper 
plated  with  silver,  have  been  found  at  Herculaneuro.  M.  Beaume 
presented  the  Academy  of  Sciences  with  a  plate  of  copper  coatsd 
with  silver  (double  d*argcnt)  found  in  the  Dourbonnois  near  Chen- 
telles.  On  the  border  in  relief  was  executed  a  sacrifice  to  Bac» 
chus.     Encyclop.  quto.  Tom.  6.  p.  406,    T.  C. 
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as  we  now  use  plated  copper ;  on  this  head  Pliny  ob- 
serves, and  a  rigid  philosopher  will  apply  the  observation 
to  ourselv«s,  that  such  was  the  luxury  of  the  Romans, 
that  it  was  then  simply  reckoned  a  piece  of  elegance  to 
consume  in  the  ornaments  of  coaches,  and  in  the  trap« 
pings  of  horses,  metals,  which  their  ancestors  could  not 
use  in  drinking  vessels,  without  beiqg  astonished  at  their 
own  prodigality  :  we  are  not  yet,  however,  arrived  at  the 
extravagance  of  Nero  and  his  wife,  who  shod  thdr  fa* 
vourite  horses  with  gold  and  silver, 

Pliny  mentions  an  experiment  as  characteristic  of  tin- 
that  when  melted  and  poured  upon  pai^er,  it  seemed  to 
break  the  paper  by  its  weight,  rather  than  by  its  heat ; 
and  Aristotle,  long  before  Pliny,  had  remarked  the  small 
degree  of  heat  which  was  requisite  to  fuse  Celtic  {British) 
tin.^  This  metal  melts  with  less  heat  than  any  other 
simple  metallic  substance,  except  quicksilver ;  it  requir- 
ing for  its  fusion  not  twice  the  heat  in  which  water  boils ; 
but  compositions  of  tin  and  lead,  which  are  used  in  tin- 
ning,  melt  with  a  still  less  degree  of  heat,  than  what  is  re- 
quisite to  melt  simple  tin :  and  a  mixture  composed  of 
5  parts  of  lead,  3  of  dn,  and  8  of  bismuth,  though  solid 
in  the  heat  of  the  atmosphere,  melts  with  a  less  degree  of 
heat,  than  that  in  wluch  water  boils^f 

Pewter  vessels  may  be  used  for  vinegar  provided  the 
tin  in  the  composition  be  82  per  cent.  The  finest  kinds 
of  pewter  contain  no  lead,  but  a  small  quantity  of  antimo- 
ny and  copper.  Sometimes  Bismuth  iforms  a  part  of  the 
alloy.  Vallerius  gives  for  pewter  12  parts  tin,  1  antimo- 
ny and  l-48th  of  a  part  copper.  Or,  100  tin,  8  antimmy, 
1  bismuth  and  4  copper.  Tin  30  parts,  zinc  1  part^ 
brass  one  part,  is  a  good  alloy.    4  Watson  158 — 190. 

•  Dc  Mirab. 

t  Discovered  not  by  S.  Is.  Nevton,  but  by  Rozel.         T.  C. 
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Oftinnmg  Iron, — Of  plating  and  gilding  Copper. 

Iron  is  tirmed  in  a  different  manner  from  copper.  In 
some  foreign  countries,  particularly  in  France^  Bohema^ 
and  Sweden^  the  iron  plates,  which  are  to  be  tinned,  are 
put  under  a  heavy  hammer  which  gives,  in  some  works, 
76  strokes  in  a  minute :  they  can  in  one  ^veek,  with  one 
hammer,  fabricate  4320  plates ;  tlie  iron  is  heated  in  a 
furnace  eight  times,  and  put  eight  times  under  the  ham- 
mer during  the  operation,  and  it  loses  near  an  eighth  part 
of  its  weight.  Iron  and  copper  are  both  of  them  very 
apt  to  be  scaled  by  being  heated,  and  tliey  thereby  lose 
greatly  of  their  weight.  Twenty-four  hundred  wdght  of 
pure  plate  copper,  will  not,  wlien  manufactured  into  tea- 
kettles, pans,  &c.  give  above  twenty-three  hundred 
weight.  T\Venty-one  hundred  weight  of  bar  iron  iriB 
give  a  ton,  when  split  into  rods,  but  taking  into  consi^- 
ration  all  iron  and  steel  wares,  from  a  needle  to  an  anchor, 
it  is  estimated  that  thirty  hundred  of  bar  iron  will,  at  an 
average,  yield  a  ton  of  wares.*  Thirty  hundred  we^ 
of  cast  iron  is  reduced  to  twenty,  when  it  is  to  be  made 
into  wire  ;  and  t^\'ent}'-six  to  twenty  .t^vo,  when  it  is  to 
be  made  into  bar  iron.  Steel  suffers  a  much  less  loss  of 
weight  in  being  hammered,  than  iron  does.  Cast  sfieel 
does  not  lose  above  two  parts,  and  bar  steel  not  above 
four  in  one  hundred,  when  drawn  into  the  shape  of  ra- 
zors, files,  &c.  The  iron  plates  in  England,  are  not  ham- 
mered, but  rolled  to  proper  dimensions  by  being  put  be- 
tu'een  two  cylinders  of  cast  iron  cased  with  steel.  TMs 
method  of  rolling  iron  is  practised  in  Abrawy,  when  dxy 
form  the  plates  with  which  they  cover  their  houses  %  bat 
whether  it  was  invented  by  die  English,  or  borrowed 
from  some  other  countr}-,  (as  many  of  our  inventions  la 


•  5W.can  instructive  pamphlet,  intltlcd,  A  Reply  to  Sir  L.  0*jQri- 
en,  by  W.  Gibbons^  1783. 
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iietallurgy  liave  been,  especially  from  Germany,)  I  hacvt 
not  been  able  to  learn.  In  the  first  account  which  I  have 
^en  of  its  being  practised  in  England,  it  is  said  to  have 
:3een  an  invention  of  Major  Hanbury  at  Fontypoolj  the  ac- 
:iount  was  written  in  1697,  and  many  plates  had  then  beeh 
polled.*  The  miUing  of  lead,  however,  which  is  an  ope- 
ration of  the  same  kind,  had  been  practised  in  die  year 
1670 ;  for  an  act  of  parliament  was  passed  in  that  year, 
granting  unto  Sir  Philip  Hawardy  and  Francis  fFatson^ 
Esq ;  the  sole  use  of  the  manufacture  of  milled  lead,  for 
die  sheathing  of  ships.  A  book  was  published  in  1691, 
intitled,  The  New  Invention  of  MtUed-Leodfor  sheathittg 
7f  Ships  J  Sec.  It  appears  from  this  book,  that  about  20 
iUps,  belonging  to  die  navy,  had  been  sheathed  with  lead ; 
but  the  practice  w^s  discontinued,  on  account  of  the 
complaints  of  die  officers  of  the  navy,  that  the  rudder 
irons  and  bolts  under  water,  had  been  wasted  to  such  a 
degree,  and  in  so  short  a  space  of  time,  as  had  never  been 
observed  upon  any  unsheathed  or  wood-sheathed  ships. 
The  persons  then  interested  in  sheadiing  widi  lead,  pub- 
fished  a  sensible  defiance ;  and  amongst  other  things,  they 
remarked,  that  both  the  Dutch  and  English  had  ever  been 
in  the  habit  of  sheathing  the  stern-posts  and  the  beards 
of  the  rudders  widi  lead  or  copper ;  and  that  the  Portu- 
gaese  and  Spaniards  did  then  ^eath  the  whole  bodies  of 
dieir  sh^,  even  of  their  gallions,  with  lead,  and  had  done 
It  .for  many  years.  Copper  sheathing  has  since  taken 
place  in  the  navy,  but  it  is  said  to  be  liable  to  the  same 
objections  which  were,  above  a  century  ago,  made  to  lead 
riieathing.  It  is  preferable,  however,  to  lead,  on  account 
of  its  lightness*.  If  the  fact  should  be  once  well  establish- 
ed, that  ships  sheathed  with  lead  or  copper,  will  not  last 
fK>  long  as  those  which  are  unslieathed,  or  sheathe^  only 

*  Pliil.  Tnms.  Ab.  toI.  V. 
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with  w6od ;  it  would  be  a  problem  well  deserving  die 
cooperation  of  chemists,  to  inquire  into  the  manner  how 
a  metallic  covering  operates  in  mjuring  the  constructkn 
of  the  ships,  and  whether  that  operation  is  exerted  on  dK 
iron  bolts,  or  on  the  timbers  of  the  ship.* 

When  the  iron  plates  have  been  either  hammered  orioDed 
to  a  proper  thickness,  they  are  steeped  in  an  acid  liquor, 
which  is  produced  from  the  fermentation  of  barley  meal| 
though  any  other  weak  acid  would  answer  the  puipose:  this 
steeping,  and  a  subsequent  scouring,  cleans  the  surface  of 
the  iron  from  every  speck  of  rust  or  blackness,  the  least 
of  which,  would  hinder  the  tin  from  sticking  to  the  iro^ 
since  no  metal  will  combine  itself  with  any  earth,  and  nut 
b  the  earth  of  iron.  After  the  plates  have  been  madequile 
bright,  they  are  put  into  an  iron  pot  filled  with  mdted 
tin ;  the  surface  of  the  melted  tin  is  kept  covered  with 
suet  or  pitch,  or  some  fat  substance,  to  prevent  it  from 
being  calcined  ;  die  tin  presendy  unites  itself  to  the  iroo, 
covering  each  side  of  every  plate  with  a  tfain  white  coot; 
the  phtes  are  then  taken  out  of  the  melted  tin,  and  Dnder- 
going  some  further  operations,  which  render  them  more  | 
neat  and  saleable,  but  are  not  essential  to  the  purpose  of  1 
tinning  them,  diey  are  packed  up  in  boxes,  and  are  evoy 
where  to  be  met  with  in  commerce  under  the  name  of  tio- 
plates ;  though  the  principal  part  of  their  substance  is  im, 
and  hence  the  French  have  called  thctnySr  Uanc^  or  iriuk 
iron :  Sir  John  Pettus  says,  that  diey  were  with  us  tqI- 
garly  called  latten  ;  though  that  word  more  usually  I 
think  denoted  brass. 

Tin  is  not,  but  inm  is  liable  to  ccxitract  rust  by  ex* 
posure  to  air  and  moisture,  and  hence  the  cl^  use  of 

*  It  is  owing  to  the  ox]rdatioii  of  the  iron  and  the  copper,  arisii^ 
from  the  galvanic  action  of  each  on  the  other.  The  bolts  and  naik 
sihoiild  be  of  copper.  T.  C 
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tinning  iron,  is  to  liinder  it  from  becoming  rustjr ;  and  it 
is  a  question  of  some  importance,  whether  iron  of  a  great- 
er thickness  than  the  plates  we  have  been  speaking  of, 
might  not  be  advantageously  tinned.    I  desired  a  work- 
man to  break  o£f  die  end  of  a  large  pair  of  pincers,  which 
had  been  long  used  in  taking  the  plates  out  of  the  melted 
tin ;  the  iron  of  the  pincers  seemed  to  have  been  pene- 
trated through  its  whole  substance  by  the  tin ;  it  was  df 
a  white  colour,  and  had  preserved  its  malleability.    It  is 
usual  to  cover  iron  stirrups,  buckles,  and  bridle  bits,  with 
a  coat  of  tin,  by  dij^ing  them,  after  they  are  made,  into 
mdted  tin ;  and  pins,  which  are  made  of  copper  wire^ 
are  whitened,  by  being  boiled  for  a  long  time  with  granu- 
lated tin,  in  a  lye  made  of  alum  and  tartar.    Woidd  the 
iron  bolts  used  in  ship  building,  be  preserved  from  rust- 
i&g  by  being  long  boiled  in  melted  tin  ?— Would  it  be 
possible  to  giher  iron  plates  by  substituting  melted  silver 
fiy  melted  tin  ?    I  do  not  know  that  this  experiment  has 
ever  been  tried  ;  but  an  intelligent  manufacturer  will  see 
many  advantages  wluch  would  attend  die  success  of  it. 

It  is  customary,  in  some  places,  to  alloy  die  tin,  used 
for  tiftniag  iron  plates,  with  about  one  seventieth  part  of 
its  weight  of  copper ;  foreigners  make  a  great  secret  of 
dus  practice ;  I  do  not  know  whether  any  of  our  manu- 
&cturers  use  copper,  some  of  them  I  have  reason  to  be- 
lieve do  not.  Too  much  copper  renders  the  plates  of  a 
blackish  hue,  and  if  there  is  too  littk,  the  tin  is  too  thick 
upon  the  plates ;  but  this  thickness,  though  it  may  ren- 
der the  plates  dearer,  or  the  profit  of  the  manufacturer 
kss,  will  make  them  last  longer.  When  the  tin  is  heat- 
ed to  too  great  a  pitch,  some  of  the  plates  have  yellowisli 
ipots  on  them  ;  but  the  coat  of  tin  is  tiiinner,  and  more 
eve&,  when  the  tin  is  of  a  great,  than  of  a  moderate  heat ; 
and  the  yellowness  may  be  taken  away,  by  boiling  the 
plates  for  two  or  three  minutes  in  lees  of  wine,  or,  where 
Vox.  III.  3  A 
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they  cannot  be  had,  sour  small  beer,  or  other  similar  liquois, 
may,  probably,  be  used  with  tlie  same  success.  Hie 
quantity  of  tin  used  in  tinning  a  definite  mimber  of  pbtesi 
*  each  of  a  definite  size,  is  not  the  same  at  diffia:ent  mami- 
factories.  In  some  fabrics  in  Bohemia^  they  use  14 
pounds  weight  of  tin  for  making  300  plates,  each  of  tfaem 
being  11  1-5  inches  long  by  8  1-2  broad ;  according  to 
this  account,  one  pound  of  tin  covers  a  sur&ce  of  28 1*3 
square  feet :  in  other,  where  the  tin  is  laid  on  thicker,  one 
pound  will  not  cover  above  22  square  feet ;  the  thickness 
of  the  tin,  even  in  this  case,  is  small,  not  much  exceed- 
ing the  one  thousandth  part  of  an  inch ;  though  fliat  is 
near  t^vice  the  thickness  which  tin  has  upon  cxsppec  in  dc 
ordinary  way  of  tinning.  I  have  enquired  of  our  Ei^|iish 
manufacturers  concerning  tlie  quantity  of  tin  used  bf 
them  in  covering  a  definite  surface  of  iron,  and  from  wbt 
I  could  collect,  it  is  very  nearly  the  same  with  that  used 
in  Bohemia,  fiom'  whence  we  derived  the  art  of  tiiSningi 
or  28  square  fiset  to  a  pound  of  tin. 

There  are  various  tin  plate  manufactories  established  of 
late  years  in  diferent  parts  of  England  and  Wales.  Sax- 
ony, and  part  of  Bohemia  formerly  supplied  ail  the  ktown 
world  with  this  commodity ;  but  England  now  exports 
large  quantities  of  it  to  Holland,  Flanders,  France,  %muq, 
Italy,  and  other  places.  About  the  year  1670,  Andmr 
Yarranton  (he  deserves  a  statue  for  the  attempt)  under- 
took, at  the  expencc  of  some  enterprising  persons,  a  jour- 
ney into  Saxony,  in  order  to  discover  the  art  of  mfldon^ 
tin  plates;  he  succeeded  to  his  utmost  wishes ;  and,  on 
his  return,  several  parcels  of  tin  plates  were  made,  frfiidi 
met  with  the  approbation  of  the  tin  men  in  London  and 
Worcester.*  Upon  this  success,  preparations  were  made 
for  setting  up  a  manufactory,  by  the  same  persons  who 

*  England's  improvement  by  sea  and  land,  by  And,  YarranCoD. 
G^nt.  1698. 
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had  expended  their  matity  in  making  the  discovery ;  but 
a  patent  being  obtained  by  some  others,  the  design  was 
abandoned  by  the  first  projectcn^,  and  the  patentees  never- 
made  any  plates ;  so  that  the  whole  scheme  seems  to  have 
been  ^ven  up  till  the  year  1720,  when  the  fabricating  of 
tin  plates  made  one  of  the  many  very  useful  projects, 
(though  they  were  mixed  with  some  which  were  imprac- 
ticable) for  which  that  year  will  ever  be  memorable. 
How  soon  after  that  year  the  manufacture  of  tin  plates 
gained  a  lasting  establishment,  and  where  they  were  first 
made,  are  points  on  which  I  am  not  sufficicndy  informed ; 
an  old  Cambridge  workman  has  told  me,  that  he  used 
diem  at  Lynn,  in  Norfolk,  in  the  year  1730,  and  that  they 
came  from  Pontypod.  The  tin  men,  at  the  first  intro^ 
duction  of  the  English  plates,  were  greatly  delighted  with 
diem ;  they  had  a  better  colour,  and  were  more  pliable 
dian  the  fcxeign  ones,  which  were  then,  and  still  continue 
to  be  hammered ;  it  being  impossible  to  hamnier  either 
iron  or  copper  to  so  uniform  a  thickness,  as  these  metals 
are  reduced  to  by  being  rolled.  It  is  said^  that  a  Cornish 
dn  man  flying  out  of  England  for  a  murder  in  1243,  dis« 
covered  tin  in  Saxony,  and  that  before  that  discovery, 
there  was  no  tin  in  Europe,  except  in  England  ;*  a  Ro- 
mbh  priest,  converted  to  be  a  Lutheriaii,  carried  the  art 
of  making  tin  plates  &om  Bohemia  into  Saxony  about  the 
year  1620  ;t  and  Andrew  Yarranton,  as  we  have  seen, 
brought  it  fix>m  Saxony  into  England  about  the  year 
1670 ;  Saxony  at  that  time  being  the  only  place  in  which 
die  plates  \vere  made.  They  are  now  made  not  only,  in 
England,  but  in  France,  Holland,  Sweden,  &c.  though 
firom  the  cheapness  of  our  tin,  and  the  excellency  of  some 
sorts  of  our  iron,  the  greatest  share  of  the  tin  plate  trade 
must  ever  centre  with  ourselves.    Our  coal  b  another  cir- 

*  Hcylin's  Geofc.  t  YatrantoD, 
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cuiHstancc,  which  tends  to  ^ve  Great  Brham  an  adwi- 
tagc,  over  some  other  countries^  in  such  manu&ctures  is 
require  a  great  consumption  of  fuel.  fFood  was  scarce 
in  Saxony  above  a  century  ago,  and  it  is  now  still  more 
scarce  in  France.  They  are  begbning,  it  is  said,  in  that 
country  to  use  coal  and  coak,  or  charred  pitcoil,  called  bjr 
them  Charban  de  terre  epure^  and  they  have  granted  a  pa^ 
tent  to  an  individual  for  the  preparation  of  it.^  Anodia 
individual  has  began  to  distil  tar  from  pitcoal,  and  he 
gets  about  5  pounds  weight  of  tar  from  an  hundred  of 
coal  (which  is  pretty  nearly  what  I  suggested  in  1781, 
as  possible  to  be  obtained  fix>m  the  same  quantity,  v6L 
II.  p.  352.)  The  Frenchf  expect  great  advantage  from 
tliis  mode  of  depurating  coal,  but  we  have  nothing  to  ap- 
prehend on  that  score,  for  the  patriotic  zeal  of  the  £ad  of 
Dundonald  has  put  us  in  possession  of  every  advantage 
which  can  be  expected  from  a  discovery,  which  be  has 
had  die  honour  df  bringing  to  perfection. 

I  do  not  know  whether  any  attempt  has  ever  been  made 
to  plate  copper  with  tin  instead  of  sUver ;  I  am  aware  of 
some  difficult*,  which  might  attend  the  (q>eratiQD,  but 
yet  itmight,  I  think,  be  performed ;  and  if  it  could,  we 
might  then  have  cq>per  vessels  covered  with  a  coat  of  tin 
of  any  required  thickness,  which  is  the  great  cfemferolw 

*  Acid,  des  Scien.  a  Paris,  1781 ;  vbere  M.  lAvdbStr  gtm 
an  oieful  memoir  on  the  comparatiye  exceUenciei  of  pit-c«Bl| 
eoak,  wood  and  charcoal  as  fuels.  II  suit  dfe  ces  experitoee^  ^ 
pour  produire  des  eiretsegaux,il(autemplo3rer:  cfaarbon  de  teita 
600  livres;  charbon  do  terre  chai'bonno  552 ;  chartxm  de  boil 
mele960s  bois  de  hetre  1125 ;  bois  de  cheoe  1089. 

t  II  sufiit  de  difi  qu'  eUe  peut  foumir  a  la  capitale  no  noii* 
veau  chauffage,  devenu  necessaire  dans  un  moment  ou  T  on  eat 
menace  d'  une  dinette  de  boia ;  qu*  elle  peut  ouvrir  dans  le  roj- 
aume  une  nouvellc  brance  de  commerce ;  etablir  de  nouvelkt 
manu&ctures ;  faire  valoir  dea  mines,  reateea  jusqu'  a  present 
inutiles.    L'Esprit  des  Jouro.  Juillet,  1785, 
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in  the  present  mode  of  tinning :  but  it  ought  to  be  re« 
marked,  that  the  thicker  the  coat  of  tin,  the  more  liiible  if 
vroiild  be  to  be  melted  off  the  copper  by  strong  fires. 

4  fFatsoftj  158. 

Tin-plate  or  tinnod  iron  {Fer  Blanc  of  the  French) 
holds  an  intermediate  placisl  between  an  alloy  and  a  coat- 
ing. It  is  made  simply  by  itnihersihg  j)lates  of  iron  into 
iAelted  tin,  whereby  thfey  not  only  becomie  covwed  with  a 
p^feet  coating  of  this  metal,  but  a  very  intifHate  union  of 
9ie  two  fiieblls  takes  pldce^  to  a  tertain  depfth  iii  the  sub- 
stanoe  of  the  iron,  which  is  s^n  by  cutting  it  transversa* 
\fj  and  whein  the  tintiing  has  been  repeated  tAvo  or  threi 
times,  the  whole  plate  b  tnore  6t  less  aHoyed,  or  as  it 
iirfcre,  soaktd  with  the  tin. 

Tin-plate  is  nfianufacturi-d  ifi  ^veral  countries,  but  nd 
Inhere  to  such  peffection  as  in  England,  to  judgfe  by  the 
i{tiantity  exported.  The  finest  kmd  when  highly  polish* 
fed,  has  a  lustre  and  wMtcti^ss' scarcely  ihfb'ior  to  silvefi 
and  the  peculiar  ^xcdknce  of  the  Kiigiish  plate,  appfem 
k>  be  diiefly  ovnng  to  the  perfect  smoothness  giVeh  to  idie 
plate  befirie  tinning,  and  the  great  unifdrmity  in  the  a^ 
plication  of  the  metalUc  eclating* 

The  gtneral  process  is  extnemdy  siihple,  and  is  dius  dft-^ 
toribed  by  Mr.  Donovan. 

It  is  carried  on  near  Caentiartfaen  in  South  Wales,  thS 
centxe  of  an  inunense  and  increasing  manufacturing  dis- 
tricti  of  many  of  the  most  important  metals. 

The  iron  ore  employed  in  this  manufactory,  is  the  com* 
rdon  kind  of  the  comntry,  intermixed  with  a  large  portion 
of  the  fine  hsenvKtke  from  Ulverstotie,  in  Lancashire,  wMch 
ptes  a  very  fine  tnfetaL  This  too  is  smelted  iMdi  char* 
eoal,  instead  of  coke,  to  pitxluce  a  metal  of  the  greatest 
purity  and  extensibility,  and  closeness  of  texture^  which 
i|ualities  are  particulariy  required  in  thb  manu&cture. 
The  reduced  ore  b  sitieltcd  in  the  usual  manner,  and  cast 
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into  pigs,  which  are  then  wrought  by  the  hammer  imo 
long  flat  bars,  that  aKe  afterwards  cut  into  pieces  of  about 
ten  inches  in  length.  These  are  then  wrought  into  plates 
by  being  heated  red-hot,  and  passed  through  a  flatting 
mill,  which  con^ts  of  two  large  cylinders  of  sted,  case- 
hardened,  and  secured  m  a  frame  of  inxu  These  are 
placed  contiguous  to  each  other,  but  with  a  certun  inter- 
val ofspSLCCj  and  revolve  in  a  contrary  direction ;  so  diat 
w^ien  one^end  of  the  bar  b  thrust  in  the  space  between  the 
cylinders,  the  whole  is  drawn  through  and  proportionably 
extended  and  flattened  m  the  passage.  The  distance  be- 
tween the  cylinders,  which  of  course  determines  thetiuck- 
ness  of  theplate,  is  maintained  and  regulated  by  xscm, 
which  can  be  altered  at  pleasure.  When  the  bar  is  diiis 
made  into  a  plate  of  twioe  the  thickness  of  the  otdinaiy 
plates,  it  is  heated  red-hot,  cut  in  two  by  a  pair  of  shevSi 
and  one  piece  folded  exactly  over  the  other,  and  bodi  re- 
passed repeatedly  through  the  cylinders,  till  the  fidded 
plate  has  extended  to  the  same  length  and  breadth  as  the 
(date  was  before  cutting.  It  is  then  clipped  round  die 
edges,  and  the  two  plates  torn  asunder  (which  requires 
some  little  force)  after  which  they  are  each  fiiushed  faf 
passing  through  a  finer  rolling-press,  so  as  to  take  awif 
every  crease  or  inequality  in  the  plate,  and  those  that  art 
too  rough  to  pass  through  this  finer  press  are  thrown 
aside. 

The  plates  are  then  steeped  in  a  very  weak  acid  liquor, 
and  when  taken  out  are  scoured  thoroughly  with  bran  so 
as  to  be  quite  bright  and  polished  to  enable  the  tin  to  ad- 
here. The  tin  is  melted  in  deep  rectangular  crucibks, 
and  kept  fluid  by  a  moderata  charcoal  fire  beneath.  To 
prevent  its  calcination  a  quantity  of  grease  prepared  fiom 
linseed- oil  and  suet  b  c(mstantly  kept  floating  on  the  9ir« 
&ce  of  the  tin  and  renewed  as  it  evaporates  off,  which  pvc^ 
an  excessively  nauseous  stench.    The  plate  is  then  taken 
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p  by  one  corocr  by  a  p^ur  of  pincers  and  dipped  verd- 
ally  into  die  tin,  and  when  withdrawn  is  found  beautiluU 
r  white  and  resplendent  with  the  coating  of  this  metal 
lat  adheres  to  it.  Tliis  dipping  i$  repeated  three  times 
r  what  is  called  single  tin  plate,  and  sdx  times  for  the 
ouUe  plate.  The  plates  are  then  only  cleansed  and  sort- 
d,  and  are  fit  for  use. 

Some  further  particulars  may  be  added  from  other  ^u- 
Kuities. 

In  nuiny  manufactories'  the  iron  plates  bc;fore  tinning 
ne  cleansed  by  being  invnersed  in  large  barrels  full  of  a 
liztunr  of  rye-flour  and  water,  sometimes  with  verjuice 
y  which  fermentation  has  become  very  acid.  In  Bohe- 
lia  the  plates  remain  three  times  twenty- four  hours* in 
lbs  filled  with  this  acescent  mixture,  in  three  different 
tatesy  after  which  they  are  washed,  scoured  with  sand  and 
rater,  and  kept  under  water  till  just  before  they  are  used, 
)  avoid  rusting  again. 

Attention  is  to  be  paid  to  the  heat  of  the  melted  tin ;  if 
x>  hot  the  plate  comes  out  yellow.  The  plates  are  im- 
lersed  quite  wet  into  the  melted  tin,  passing  in  their  way 
irough  the  melted  suet  which  covers  it.  Just  before 
ipping,  some  water  is  thrown  on  the  meked  suet,  which 
auses  a  violent  ebullition  and  makes  the  surfiice  of  the 
letal  quite  clean  and  bright.  The  plates  when  tinned 
re  set  up  to  drain,  by  which  a  number  of  drops  df  tin 
ollect  in  small  knobs  at  the  lower  part.  Tliese  are  taken 
ff  by  a  second  immersion  into  a  separate  cauldron  of  tui, 
lut  only  to  the  depth  of  a  few  inches,  by  which  the  drops 
f  tin  melt  down  and  tlie  whole  tinning  is  made  more  uni- 
jrm  in  thickness.  They  are  then  cleansed  with  a  rag 
nd  saw-dust  pr  bran.  About  19  1-2  pounds  of  tin  are 
squired  for  3uO  plates,  measuring  1  foot  by  9  inches. 

The  manufacture  of  tin-plate  in  France  appears  to  be 
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conducted  so  iieai*ly  in  the  same  inauner  as  not  to  requoe 
a  separate  description. 

In  the  manufactures  of  tin-plate  on  the  continent  a 
quantity  of  copper  is  always  added  to  the  tin^  but  in  voy 
small  proportion.  The  exact  quantity  is  regulatcji  l^* 
slight  circumstances,  which  only  experience  can  teacb. 
It  appears  to  be  in  general  from  one-eightieth  to  one  bun» 
dred  and  twentieth  of  the  tin.  The  copper  prevents  the 
tin  from  adhering  in  too  great  a  quantity  to  the  iron,  and 
causes  tlie  superfluous  part  to  drain  off  more  finely.  1  oo 
much  copper  gives  a  dull  yellow  tint. 

It  appears  that  the  method  of  flattening  the  bar  into 
plate  by  cylinders  is  only  adopted  in  this  country ,*  but  m 
other  places  b  done  by  the  hammer.     [Aikin. 

Upon  this  information,  I  would  make  the  following  re- 
marks: 

1st.  Desirable  as  the  manufacture  of  tin-plates  would 
be  in  this  country,  we  have  as  yet  no  iron  plates,  at  all 
fit  for  the  purpose :  they  are  neither  tliin  enough,  or 
smoodi  enough,  at  piu^  enough. 

J2dly.  The  manufacturer  of  tin  plates  in  this  country, 
must  roll  out  his  own  iron  from  bars  picked  by  himsdf ; 
or  he  will  not  have  such  as  he  can  depend  upon. 

3dly.  The  rollers  must  be  of  the  veiy  best  qudity ; 
otherwise  they  will  not  give  the  requisite  tliinness  and 
smoothness  to  the  iron  plate.  Wlule  the  plate  is  rolled  ^ 
rollers  should  be  greased. 

There  is  at  tliis  moment  tin  enough  in  the  United 
States  to  supply  more  than  a  twelve  months'  consump- 
tion ;  but  on  the  calculations  I  liave  made,  no  person  can 
commence  the  manufacture  of  tin  plates  prudently,  under 
a  capital  of  10  or  ratlier  12,0  0  dollars.  He  must  find 
his  own  water  or  steam  engine  power ;  he  must  find  em- 
ployment  for  his  suq^lus  power,  when  he  is  not  rolling 
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iron  plates.  He  cannot  dq)end  on  the  iron  plates  manu- 
factured in  tbis  country,  nor  indeed  on  any  that  are  not 
manufactured  under  his  own  eye.  I  make  these  remarks 
because  I  do  not  know  a  more  tempting  speculation  than 
the  manufacture  of  tinned  iron  plates  in  thb  countiy ;  nor 
any,  where  a  person  who  does  not  sit  down  to  calculate 
carefully  all  the  requisites  of  sudi  a  manufiurtuie  here^ 
may  be  more  ea^y  deceived. 

Making  of  tm/biL  The  tin  is  melted  into  ingots,  and 
then  hammered  on  a  smooth  iron  plate.  I  do  not  know 
whether  rolling  has  been  tried.  All  the  tin  foil  I  have 
seen,  appears  to  contain  an  admixture  of  lead.  Tin  foil 
is  used  for  silvering  looking  glasses,  and  for  coating  elec- 
trical jars.  In  the  latter  case  it  is  merely  fastened  on  the 
glass  with  paste.  But  M.  Sage's  paper  which  I  am 
about  to  give,  will  furnish  information  on  this  subject. 

To  coat  looking  glasses  vrith  Tinfoil  and  Mercury  ;  com- 
monly  catted  the  Silvering  of  looking  glasses* 

In  order  to  go  completely  forward,  you  must  be  pre- 
pared with  the  following  articles,  viz. 

First,  A  square  marble  slab,  or  smooth  stone,  well  po- 
Ushed,  and  ground  exceedin^y  true,  the  laxger  the  bettdr, 
with  a  frame  round  it,  or  a  groove  cut  in  its  edges,  to 
keep  the  superfluous  mercury  from  running  off.  Se- 
condly, Lead  weights  covered  with  cloth,  to  keep  them 
from  scratching  the  glass,  from  one  pound  weight  to 
twelve  pounds  each,  according  to  the  size  of  the  ^^bss 
which  is  laid  down.  Thirdly,  Rolls  of  tinfoil.  Fourth- 
ly, Mercury  or  quicksilver,  with  which  you  must  be  well 
provided;  then  proceed  as  follows. 

Cut  the  tinfoil  a  little  larger  than  the  glass  every  way, 
and  lay  it  flat  upon  the  stone,  and  with  a  stndght  piece  of 
hard  wood,  about  three  inches  long,  stroke  it  wery  way. 
Vol.  IIL  5  B 
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that  there  be  no  creases  or  vvriiikks  in  it,  then  drop  a  Uttk 
mercury  upon  it,  and  with  a  piece  of  cotton,  wool,  or 
hair's  foot,  spread  it  all  over  the  foil,  so  that  every  part  may 
be  touched  with  the  mercury.  Then  keeping  the  marble 
slab  nearly  level  with  the  horizon,  pour  on  tlie  mcrcuiy 
all  over  the  foil,  cover  it  with  a  fine  paper,  and  lay  tiro 
weights  veiy  near  its  lowest  end  or  side,  to  keep  the  ^ass 
steady,  while  you  draw  the  paper  from  between  the  silver- 
ed foil  and  die  glass,  which  must  be  laid  upon  the  paper. 
As  you  draw  the  paper,  you  must  take  care  that  nb  air 
bubbles  be  left,  for  they  will  always  appear  if  left  in  at 
the  first ;  you  must  likewise  be  sure  to  make  the  gbss  as 
dean  as  possible  on  the  side  intended  to  be  silvered,  and 
have  the  paper  also  quite  clean,  odierwise,  when  you  have 
drai\'n  tlie  paper  from  under  it,  dull  white  streaks  vdll  ap^ 
pear,  which  are  very  disagreeable. 

After  the  paper  is  drawn  out,  place  as  many  weights 
upon  tlie  glass  as  you  conveniently  can,  in  order  to  press 
out  the  superfluous  mercury,  and  make  die  foil  adhoe  to 
the  glass.  When  it  has  lain  six  or  seven  hours  in  this 
situation,  raise  the  stone  about  two  or  three  inches  at  its 
highest  end,  that  as  much  of  the  mercury  may  run  off  as 
possible;  let  it  remain  two  days  before  you  venture  to 
take  it  up ;  but  before  you  take  the  weights  off,  gendy 
brush  the  edges  of  the  glass,  tliat  no  mercury  may  adhere 
to  diem ;  then  take  it  up,  and  turn  it  direcdy  over,  with 
its  face  side  downward,  but  raise  it  by  degrees,  that  the 
mercury  may  not  drip  off  too  suddenly  ;  for  if,  when 
taken  up,  it  is  immediately  set  perpendicular,  air  wiO  get 
in  between  the  foil  and  the  glass  at  die  top,  as  the  mercury 
descends  to  the  bottom ;  by  which  means,  if  you  be  not 
exceedingly  careful,  your  labour  will  be  lost. 

Anotlicr  method,  is  to  slide  the  glass  over  the  foil, 
without  the  assistiince  of  paper. 


Tm.  389 

To  Silver  Glass  Globes. 

Take  half  an  ounce  of  clean  lead,  and  melt  it  with  an 
equal  weight  of  pure  tin ;  then  immediately  add  half  an 
ounce  of  bismuth,  and  carefully  skim  off  the  dross ;  re- 
move the  mixture  from  the  fire,  and  before  it  grows  cold, 
add  five  ounces  of  mercury,  and  stir  die  whole  well  to- 
gcdier ;  then  put  the  fluid  amalgam  into  a  clean  glass, 
9Xid  it  is  fit  for  use. 

When  this  amalgam  is  used  for  foiling  or  silvering,  let 
it  first  be  strained  through  a  linen  rag ;  then  gently  pour 
some  ounces  thereof  into  the  globe  intended  to  be  foiled ; 
tlie  mixture  should  be  poured  into  the  globe,  by  means 
of  a  glass  or  paper  funnel,  reaching  almost  to  the  bottom 
of  the  globe,  to  prevent  its  splashing  to  the  sides ;  the 
globe  should  then  be  dexterously  inclined  every  way, 
though  very  slowly,  in  order  to  fasten  the  silvering ;  when 
this  is  once  done,  let  the  globe  rest  some  hours ;  repeat 
the  operation,  till  at  lei\gth  the  fluid  mass  is  spr^d  even, 
and  fixed  over  the  whole  internal  surface ;  as  it  may  be 
known  to  be,  by  viewing  the  globe  against  the  light ;  the 
superfluous  amalgam  may  then  be  poured  out,  and  the 
outside  of  the  globe  cleared. 

To  Silver  the  Convex  side  of  Meniscus  Glasses  fir 

Mirrors* 
Take  an  earthen  plate,  on  which  pour  some  prepared 
plaster  of  Paris,  mixed  with  water,  of  a  proper  consis- 
tence ;  then  immediately,  before  it  grows  too  stiff,  lay  the 
ynemscus  with  its  convex  side  downward,  in  the  middle 
of  the  plate,  and  press  it  imtil  it  lies  quite  close  to  the 
plaster ;  in  which  situation  let  it  remab  until  tlie  plaster 
becomes  quite  dry;  after  which,  wcx-k  a  groove  witl; 
your  finger,  round  the  outside  of  the  meniscus,  in  order 
to  let  the  superfluous  mercury  rest  upon  it :  then  cut  the 
tinfoil  to  a  proper  size,  and  press  it  with  the  meniscus  intr- 
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the  plaster  mould,  in  order  to  make  it  lie  dose ;  after 
which,  cover  it  with  the  mercury,  and,  Mdthout  a  paper, 
(as  directed  for  silvering  plain  mirrors),  slide  it  over  the 
silvered  foil ;  then  place  a  weight  on  it,  and  let  it  stand 
two  or  three  days,  raising  it  by  degrees,  that  the  mercury 
may  drip  off  gradually. 

After  this  method  common  window  glass,  &c^  may  be 
silvered.  [2  Jamism^s  Elements^  383. 

Observations  on  the  polishing  of  Glass ^  and  on  the  Amal'- 
gam  used  for  silvering  Mirrors*    By  B.  G.  Sace^. 

Having  been  consulted  in  regard  to  the  bad  efiEects  of 
some  calces  or  red  oxyds  of  iron,  which  alter  the  surfiKX 
of  glass  by  rendering  it  dull  and  yellowish,  I  analysed 
these  calces  of  iron,  and  found  out  the  cause  on  which 
dus  defect  depends.  Red  calx  or  oxyd  of  iron,  called 
eolcothar^  is  employed  with  water  for  giving  the  last  po- 
lish to  glass  intended  for  mirrors. 

Were  not  the  oxyd  or  calx  of  tin,  commonly  known 
by  the  name  of  putty y  so  dear,  it  would  be  &r  preferabk 
to  red  calx  or  oxyd  of  iron,  obtained  by  the  decomposi- 
tion of  martial  vitriol,  either  by  calcining  it  in  a  fire  pro- 
per for  disengaging  the  acid  or  decomposing  the  sulphat 
of  iron  by  marine  salt.  In  the  latter  case,  the  red  oxyd 
or  calx  of  iron  retains  a  little  of  that  salt,  which  is  of  do 
hurt  in  the  polishing  of  glass :  but  the  case  is  not  the 
same  if  the  cdcothar  or  red  oxyd  of  iron  retains  martial 
vitriol.  This  salt,  when  dissolved  in  water,  is  decom-- 
posedf  and  the  yellow  ochre  which  results  finom  it 
penetrates  the  glass,  forms  a  crust  on  it,  and  lenders 
it  gieasy,  dull,  and  yellowish ;  a  tint  which  is  communi- 
cated to  the  image  of  the  object  presented  to  the  mirror. 

Glass  when  smoothed  and  polished  does  not  acquire 
the  property  of  reflecting  objects  till  it  has  been  silvered 

""  "*  From  the  Journal  de  P/tyniguc,  Thennidor,  an  12. 
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(as  it  is  called),  an  operation  efiected  by  means  of  an  a- 
malgam*  The  tin  leaf  employed  must  be  of  the  size  of 
the  glass,  because,  when  pieces  of  that  metal  are  imited 
by  means  of  mercury,  they  exhibit  the  appearance  of 
lines.  Tin  is  one  of  those  metallic  substances  which  be- 
come soonest  oxydated  by  the  means  of  mercury.  If  there 
remains  a  portion  of  that  calx,  of  a  blackish  gray  colour, 
on  the  leaf  of  tin,  it  produces  a  spot  or  stain  in  the  mir- 
ror, and  the  part  where  it  is  cannot  reflect  objects  pre- 
sented to  it :  great  care,  therefore,  is  taken  in  silvering 
glass  to  remove  the  calx  of  tin  from  the  surface  of  the 
amalgam. 

The  process  is  as  follows : — The  leaf  of  tin  is  laid  on 
a  very  smooth  stone  table,  and  mercury  being  poured 
over  the  metal,  it  is  extended  over  the  surface  of  it  by 
means  of  a  ritbber  made  of  bits  of  cloth.  At  the  same 
moment  the  surface  of  the  leaf  of  tin  becomes  covered 
ivith  blackish  oxyd,  which  is  removed  with  the  rubber. 
More  mercury  is  then  poured  over  the  tin,  where  it  re- 
mains  at  a  level  to  the  thickness  of  more  than  a  line, 
without  running  off.  The  glass  is  applied  in  a  horizon, 
tal  direction  to  the  table  at  one  of  its  extremities,  and 
being  pushed  forwards  it  drives  before  it  the  oxyd  of 
tin  which  is  at  the  sur&ce  of  the  amalgam.  A  number 
of  weights  are  then  placed  on  the  glass  which  floats  on 
the  amalgam,  in  order  to  press  it  down.  Without  this 
precaution  the  glass  would  exhibit  the  interstices  of  the 
oystals  resulting  firom  the  amalgam.  These  crj'stals  have 
lie  form  of  large  square  laminae  irr^;ularly  disposed. 

To  obtain  leaves  of  tin,  which  are  sometimes  six  or 
seven  feet  in  length,  \irith  a  proportionate  breadth,  they 
are  not  rolled  but  hammered.  The  prepared  tin  is  first 
cast  between  two  plates  of  polished  iron,  or  between  two 
smooth  stones  not  of  a  porous  nature,  such  as  thunder 
Btone.    Twelve  of  these  plates  are  placed  over  each  other ; 
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and  they  are  then  beat  on  a  stone  mass  with  heavy  ham- 
mers, one  side  of  wluch  b  plain  and  the  other  rounded. 
The  plates  joined  together  are  first,  beaten  ^th  the  latter : 
when  the;-  become  extended  the  number  c^  the  plates  is 
doubled,  so  that  they  amount  sometimes  to  eigfa^  or 
more.  They  are  then  smoodied  with  the  flat  side  d*  the 
hammer,  and  are  beat  till  they  acquire  the  length  of  nz 
orseven  feet^  and  the  breadth  of  four  or  five.  The  small 
block  of  tin  firom  which  they  are  formed  is  at  first  ten 
inches  long,  six  in  breadth,  and  a  line  and  a  quarter  in 
thickness. 

When  the  leaves  are  of  less  extent,  and  thin,  firom  eigh- 
ty to  a  hundred  of  them  are  smoothed  together. 

Tin  extracted  from  die  amalgam  which  has  been  em- 
ployed for  silvering  glass,  exhibits  a  remarkable  peculia- 
rity. When  fused  in  an  iron  pan,  its  whole  suifiicc  be. 
comes  covered  with  a  multitude  of  tetraedral  prismatic 
crystals  two  or  three  lines  in  length  and  a  quarter  of  a 
line  in  thickness.  The  interior  of  these  pieces  of  tin, 
when  cut  vrith  a  chisel,  have  a  grayer  tint  than  pure  tin, 
which  is  as  white  as  silver.  The  latter  crystallizes  also 
by  cooling ;  but  it  requires  care.  When  it  b^pns  to  be 
fixed,  decant  the  part  which  is  still  in  fusion,  and  that 
will  renudn  at  the  bottom  of  the  crucible  beautiful  crystab 
of  a  dull  white  colour,  which  appeared  to  me  to  be  cubes  | 
or  parallelopipedons. 

The  peculiar  and  constant  crystallization  of  tin  taka 
firom  the  amalgam  of  mirrors,  the  leaden  gray  colour   j 
which  the  mass  of  this  metal  had,  and  the  mystery  made  A 
of  the  preparation  of  this  tin,  induced  me  to  try  whedxr  j 
I  could  not  discover  by  analysis  the  substance  mixed 
with  it. 

Having  calcined  this  tin  in  a  test,  it  was  reduced  to  s 
powder  of  a  delicate  red  colour,  and  increased  in  its  we^ 
1.25th.    The  magnet  attracted  particles  of  iron,  the  ^^ 
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suit  of  the  hammeriog.  It  appears  that  this  metal  con- 
curs to  produce  the  crystallization  of  the  tin,  and  the  sin- 
#'  gularity  exhibited  by  the  solution  of  its  oxyd  in  nitric 
.  acid.  At  first,  nothing  is  manifested  but  a  slight  eflfer- 
vescence,  which  soon  subsides ;  but  four  or  five  minutes 
after,  the  mixtures  become  very  hot,  and  a  stronger  eflbr- 
vescence  takes  place,  accompanied  with  a  great  deal  of 
nitrous  gas,  which  is  disengaged  with  an  explosion,  and 
there  remains  in  the  glass  a  magma  of  a  pale  red  colour. 

The  white  oxyd  of  tin,  mixed  also  with  nhric  acid  at 
32^,  exhibits  neither  effervescence  nor  disengagement  of 
nitrous  gas. 

I  fused  this  reddish  calx  of  tin  with  three  parts  of  black 
flux  and  a  litde  charcoal  powder,  and  extracted  from  it 
18  pounds  of  tin  per  quintal.  This  metal  was  brittle,  a 
property  arising  from  the  lead,  which  contributes  also  to 
attenuate  the  colour  of  the  tin.  If  the  lead  is  found  there 
in  larger  quantity,  it  is  because  there  are  four-fifths  ot  tin 
absorbed  by  the  alkaline  flux. 

To  determine  the  quantity  of  lead  contained  in  the  tin 
extracted  from  the  amalgam  of  mirrors,  I  decomposed  a 
hundred  parts  of  it  by  four  hundred  parts  of  nitric  acid 
at  32^.    A  great  deal  of  nitrous  gas  was  disengaged,  and 
there  remained  at  the  bottom  of  die  matrass  a  white  mag- 
s' ma.  I  washed  it  with  distilled  water,  and  evaporated  the 
r  ley,  which  produced  a  twenty-fifth  of  nitrous  ammoniacal 
salt  mixed  with  nitrate  of  lead,  which  predominates,  aud 
ferms  nearly  two-thirds  of  the  saline  residuum ;  a  propor* 
w  tion  which  would  indicate  that  the  tin  employed  for  sil- 
vering  mirrors  contains  three  pounds  of  lead  per  quintal. 
I  now  return  to  the  mercury  extracted  by  distillation 
from  this  amalgam.    It  volatilizes  a  portion  of  tm,  which 
.     remains  there  so  intimately  combined  that  it  cannot  be 
separated  by  a  second  distillation  of  the  mcrcurj'.    I  u'as 
able  to  disengage  from  it  the  tin  by  shaking  the  mercuiy 
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with  nitric  acid,  which  attacks  and  oxydates  the  tin.  I 
washed  the  mercury  and  strained  it  through  a  piece  of 
linen.  In  this  state  it  may  be  employed  for  gilding,  but 
when  it  con^ns  the  smallest  quantiQr  of  tin  it  stains  the 
articles. 

What  I  have  related  in  this  memoir  shows  that  red 
oxyd  of  iron,  known  under  tlie  name  of  colcothar,  is  not 
proper  for  polishing  ^bss  when  it  contains  vitriol ;  tint 
the  tin  employed  for  silvering  miirors  contains  lead  and 
iron ;  that  when  tins  tin  is  seiiarated  from  the  roercuxy  by 
dbtillation  this  metal  crystallizes  with  the  greatest  facili- 
ty and  without  any  precaution ;  and,  in  the  last  place,  it 
is  shown  that  a  portion  of  tin  is  volatilized  by  the  mcrcu- 
ry  during  the  distillation  of  the  amalgam,  and  that  it  can- 
not he  separated  but  by  the  nitric  acid. 

[22  Phil.  Mag.  US. 

To  whiten  Copper^  BrasSf  or  Iron  Wire.. 

Pins  are  whitened  thus.  Tin  is  reduced  into  a  kind 
of  powder,  by  first  melting  it,  and  pouring  it  out  into  an 
iron  mortar,  bruise  it  fine  just  at  the  moment  as  it  is  set, 
and  while  still  hot— or  take  grain  tin,  and  granulate  it  bjr 
pouring  it  through  a  birch  broom  into  water.  The  tin 
thus  granulated,  is  put  into  a  boUer  with  the  brass  or  cop* 
per  wire  to  be  whitteed,  and  boiled  with  alum  and  crude 
tartar,  or  argol.  I  do  not  know  the  exact  proportknis, 
but  in  this  manner  the  wire  is  penetrated  by  the  tin.  One 
part  tartar,  two  parts  by  weight  alum,  and  as  much  com- 
mon salt,  will  succeed.  T.  C. 

It  is  not  necessary  to  employ  this  mixture  of  salts  fix 
the  mere  tinning  of  copper  or  brass.  Eidier  of  these  three 
salts  singly  with  tin  filings  will  answer  the  purpose,  but  ^ 
cream  of  tartar  gives  a  duller  and  more  leaden-  lookiif  1 
tinning,  and  alum  on  the  other  hand  gives  a  very  fine  sil- 
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ver  white  but  without  gloes,  so  that  the  mixture  above 
mentioned  is  found  to  produce  the  most  desirable  hue. 

In  a  chemical  point  of  view  this  operation  is  curious, 
and  appears  to  present  a  contradiction  to  the  usual  laws 
of  affinity,  for  when  tin  is  immersed  in  a  common  solu- 
tion of  copper,  it  precipitates  most  of  the  copper  in  the 
metallic  state. 

The  circumstances  requisite  to  produce  a  precipitate 
of  metallic  tin  on  copper,  have  been  examined  in  an  able 
set  of  experiments  by  Professor  Godolin,  a  Swedish  .cfae« 
mist,  an  account  of  which  is  inserted  in  the  Stockholm 
Transactions  for  1788,  to  which  are  added  some  other 
experiments  and  remarks  by  Baron  de  Gedda.  It  is  to 
be  observed,  that  tlie  circumstances  relating  to  the  oxy* 
genation  of  metals  in  their  solutions  in  acids  were  very  in- 
completely known  at  that  time,  so  that  we  may  now  ac- 
count for  phenomena  which  must  have  been  inexplicable 
at  that  period.  The  facts  however  cannot  vary,  and  are 
always  valuable.  This  chemist  chiefly  confined  himself 
to  the  action  of  a  single  salt,  namely  tartar,  or  its  acid^ 
We  shall  select  and  give  in  a  few  words  some  of  the  ex* 
periments. 

1.  Tartriteof  potash' was  added  to  nitromuriat  of  tin, 
which  caused  a  white  precipitate  of  tartrite  of  tin,  which 
was  edulcorated  and  dried.  Some  of  this  precipitate  was 
boiled  with  water,  and  copper  was  immersed,  but  the 
copper  was  in  no  degree  altered. 

2.  Some  of  the  above  tartrite  of  tin  was  acidulated  with 
tartareous  acid  and  copper  was  boiled  in  it,  but  with  no 
effect. 

3.  Some  of  the  same  tartrite  of  tin  was  treated  as  in  the 
last  experiment,  but  with  the  addition  of  some  leaf-tin  and 
the  copper  was  now  completely  tinned. 

4.  The  last  experiment  was  repeated,  but  without  aa 
excess  of  acid,  and  no  eflfect  was  produced  on  the  coppeip* 
Vol.  IIL  3  C 
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5.  Cream  of  tartar,  tin  filings,  and  a  piece  of  copper, 
were  boiled  together,  and  the  copper  was  completely  tin- 

ned. 
These  experiments  shew  that  in  order  to  precipitate 

dn  upon  copper  by  means  of  tartar,  it  is  necessary,  both 

that  some  metallic  tin  should  be  present  in  the  solutioD, 

and  that  the  solution  should  ccxitain  an  excess  of  add. 

6.  Some  oxyd  of  copper  arising  fix)m  the  decomposi- 
tion of  blue  vitriol  by  an  alkali,  was  first  boiled  in  a  solu- 
tion of  cream  of  tartar,  after  which  bodi  tin-leaf  and  cop- 
per were  introduced,  and  the  whole  boiled  togedier  for 
three  hours.  Both  the  copperand  tin  were  covered  with 
a  crust  of  blackish  metallic  alloy. 

7.  Some  copper  was  tinned  by  boiling  with  tin  and  a 
solution  of  tartar.  The  liquor  after  the  cc^per  was  with- 
drawn was  not  changed  to  blue  by  volatile  alkaU,  and 
hence  was  inferred  to  contain  no  copper,  though  when  ex- 
posed to  the  light  some  faint  blue  streaks  were  observa- 
ble. 

8.  The  same  experiment  was  repeated  with  tartar, 

alum,  and  salt,  (die  usual  mode  of  tinning}  and  no  indica- 
tions of  copper  were  furnished  by  the  volatile  alkalL 

9.  Copper  was  tinned  with  each  of  tlie  abofe  Asee 
salts  singly,  and  in  neither  instance  did  the  volatik  alkali 
give  any  indications  of  dissolved  cc^per  in  the  liquor. 

10.  Tin-leaf  was  boiled  for  an  hour  with  a  solutioD  of 
cream  of  tartar.  The  tin  was  then  wididrawn  and  abv 
of  iron  introduced,  and  the  boiling  continued.  The  von 
was  soon  blackened  at  its  surface,  and  after  three  quartos 
of  an  hour,  was  covered  with  a  mixture  of  reduced  metal- 
lic tin  and  oxyd  of  tin,  and  the  hron  had  lost  wdgfat  b 
the  process. 

Hence  as  iron  was  found  to  precipitate  tin  in  a  metdfic 
state  from  its  solution,  it  was  conjectured  that  iron  added 
to  a  solution  of  tin,  in  which  copper  was  immersed,  nugbt 
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determine  the  tinning  of  the  copper.  The  experiment 
however  succeeded  but  imperfectly  when  tartar  was  used, 
owing  to  the  languor  of  its  action  on  iron,  and  even  when 
a  few  drops  of  sulphuric  acid  were  added,  the  tin  was 
precipitated  solely  on  the  iron,  whilst  the  surface  of  the 
copper  remained  unaltered,  but  with  alum  it  was  differ- 
ent. 

11.  Some  tin-leaf  was  boiled  with  a  solution  of  alum 
for  half  an  hour  and  then  withdrawn.  Into  the  solution 
^vere  then  introduced  a  piece  of  polished  copper,  and 
some  iron  filings.  The  latter  were  acted  on  with  much 
rapidit}',  and  in  a  few  minutes  the  copper  was  covered 
with  a  pellicle  of  tin,  which  in  half  an  hour  gave  it  the 
appearance  of  fine  silver  unpolished. 

12.  Tin-leaf  and  a  solution  of  alum  were  boiled  to- 
gether. The  tin  was  then  taken  out,  and  into  the  solu- 
tion both  iron  and  copper  were  introduced,  each  polished 
After  a  few  minutes  boiling  both  these  metals  were  hi^- 

ly  tinned. 

13.  Some  sulphat  of  copper  was  dissolved  in  water, 
tin-leaf  was  added,  and  the  mixture  was  exposed  to  a 
moderate  heat  f  jr  some  days  in  a  well  closed  phial.  In 
a  few  days  the  colour  of  the  solution  entirely  disappeared, 
and  the  copper  precipitated  to  the  bottom  of  the  vessel. 
The  clear  supernatant  fluid  was  distributed  into  three 
phials,  into  the  first  of  which  was  put  copper  and  tin ;  in- 
to  the  second,  copper  and  iron ;  and  into  the  third,  cop- 
per alone.  They  were  well  corked,  and  afrer  digestion 
in  moderate  heat  for  some  hours  the  copper  in  the  first 
phial,  and  the  copper  and  iron  in  the  second  were  well 

I  tinned,  but  the  copper  in  the  diird  remained  unaltered. 
From  the  above  experiments  we  may  clearly  make  out 
that  the  state  of  the  solution  of  tin,  when  It  b  disposed  to 
precipitate  in  a  metallic  form  on  die  surface  of  copper 
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immersed  in  it,  is  that  of  the  lowest  degree  of  oxydatioo, 
which  is  obtsdned  either  by  keeping  some  undissolved  tin 
in  the  solution  or  (Exp.  10  and  11)  by  introducing  iron. 
.Tlie  great  difficulty  which  occurred  to  the  author  of  these 
experiments  was  to  account  for  the  precipitation  of  the  tin 
when  there  did  not  appear  to  be  any  copper  dissolved  du- 
ring the  process,  for  in  all  otlier  metallic  precipitations  (as 
that  of  copper  on  iron  fcur  example)  the  separation  of  one 
metal  from  the  solution  is  attended  with  the  solution  of  a 
corresponding  quantity  of  the  otlier  metal. 

The  difficulty  is  increased  too  by  the  fact  that  when 
tin  is  immersed  m  a  solution  of  copper  tlie  copper  is  pre* 
cipitated,  and  a  portion  of  the  tin  is  dissolved,  so  that  the 
direct  affinity  of  acids  for  tin  is  greater  than  for  copper. 

The  hypothesis  given  by  Professor  Gadolin  to  explab 
this  b  highly  ingenious.  He  observes  that  as  a  very  stroi^ 
affinity  exists  between  tin  and  copper,  this  affinity  ofc* 
rates  on  the  metallic  part  of  the  solution  of  the  tin  imme- 
diately in  contact  with  the  copper,  and  causes  its  scpan* 
tion  in  the  metallic  form,  whilst  the  remainder  of  the  tin^ 
wUch  is  the  greatest  portion,  undergoes  a  greater  degree 
of  calcination  (i.  e.  oxygenation)  and  hence  too  tlie  solu- 
tion after  its  utmost  action  on  copper  still  retains  a  quan- 
tity of  tin.  In  other  words,  the  dissolved  tin  divides  itself 
into  two  portions,  one  of  which  returns  to  the  metallic 
state,  and  adheres  to  the  copper,  whilst  the  whole  of  the 
oxygen  condenses  in  the  otlier  portion,  which  remains 
dissolved. 

To  shew  that  a  corresponding  solution  of  the  prmpi-^ 
fa;}^(i.e.  the  copper)  is  not  n-.cessary  to  the  separation  of 
the  precipitatej  M.  Gidolin  boiled  some  fine  gold  with 
tin  and  tartar,  and  after  a  short  time  the  gold  was  com- 
pletely covered  with  a  coating  of  reduced  tin,  and  it  can- 
not  be  supposed  that  any  of  the  gold  should  have  been  dis- 
solved  by  the  tartar.     This  experiment  would  have  been 
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more  complete  if  the  tin  had  been  again  separated  from 
the  gold  by  muriatic  acid,  and  the  gold  had  been  weigh- 
ed before  and  after  the  operation,  but  if  this  statement  is 
accurate  (which  there  is  no  apparent  reason  to  doubt)  it  is 
a  curious  fact,  and  one  for  which  in  addition  to  M.  Gado* 
lin's  explanation,  we  must  probably  refer  to  the  late  dis- 
covered experiments  in  Galvanism.  This  is  confirmed 
by  the  circumstance  that  in  ever}'  one  of  the  experiments 
on  tinning  above  related,  the  presence  of  two  dissimilar 
metals  in  tlie  reguline  state  is  required,  so  that  the  mo- 
ment tlie  metallic  tin  is  withdrawn  from  the  tortareous 
solution  the  precipitation  of  tin  upon  copper  ceases, 
tiiough  we  can  hardly  siuppose  that  any  immediate  change 
in  the  state  of  oxygenation  of  the  solution  takes  place. 

With  respect  to  the  circumstance  of  no  copixr  bting 
found  in  the  solution  of  tartar  after  common  tinning,  we 
may  observe  however  that  the  Ciilure  of  the  usual  test  of 
the  volatile  alkali  is  no  certain  proof  of  the  absence  of  thb 
Aaetal  in  this  instance,  as  the  later  discoveries  of  Proust 
on  this  subject  (wiiich  are  detailed  under  the  article  Cop^ 
per  J  shew  that  when  copper  is  in  solution  with  tin  in  a 
low  state  of  oxydation,  it  is  so  far  deprived  of  oxygen  by 
the  tin,  as  not  to  turn  blue  with  ammonia. 

The  experiments  in  wh.ch  iron,  copper,  and  tin  were 
immersed  into  a  solution  of  tin,  are  complicated,  and  the 
exact  operation  of  all  the  affinities  between  the  respective 
substances  is  not  easily  made  out.  The  order  of  preci-^ 
pitation  widi  a  single  metal,  and  a  single  metallic  solution, 
is  copper,  tin,  iron  ;  that  is  to  say,  iron  immersed  into  a 
solution  of  tin  dbplaces  the  tin,  and  precipitates  it  most^ 
ly  in  the  metallic  form ;  and  tin  immersed  into  a  solu- 
tion of  copper  precipitates  the  latter  metal.  But  in  the 
above  complicated  case  both  the  iron  and  copper  be- 
come tinned,  so  that  the  tinning  of  the  iron  may  be  ef- 
fected by  simple  and  direct  affinity,  but  that  of  the  cop^ 
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per  requires  a  complicated  action,  to  whicli  probsd^ly  die 
metallic  tin  present  contributes.     [2  Mlmy  427. 

It  lias  been  proposed  to  whiten  copper,  brass,  and  iron, 
in  this  manner  by  means  of  silver,  or  of  zinc  ;  but  I  do 
not  know  of  any  decisive  experiment  to  tlus  puipose. 
The  proposal  is  at  least  very  plausible. 

Aurum  Muswum  or  Mosaicum.  See  61  PhiL  Trans. 
114.     13  Ann  de  Chimie,  280. 

I  copy  the  following  account  of  this  substance  from 
Aikin,  to  which,  at  the  expence  of  some  tautalogy,  I 
'  shall  add  my  own  notes. 

^*  A  beautiful  golden-coloured  species  of  sulphuret  of 
tin  has  long  been  known  in  the  arts,  under  the  name  of 
Aurum  Muswum  or  Mosaicumy  f Mosaic  Gold  J.     It  b 
in  die  form  of  a  scaly  mass,  sometimes  crystallized  ia 
six-sided  plates,  very  soft  and  glossy  to  the  touch,  readi- 
ly rubbed  do^vn  between  the  fingers,  and  when  the  cobor 
is  brought  out  by  a  little  friction,  having  a   fine  gokkjjP 
metallic  lustre.    It  is  still  prepared  in  pretty  large  quan- 
tities by  some  artists,  and  is  supposed  to  be  used  prbci* 
pally  in  artificial  bronzing  and  other  ornamental  purposes. 
It  was  formerly  employed  in  medicine.     A  great  num- 
ber of  receipts  have  been  given  for  preparing  it,  most  of 
which  succeed  nearly  equally  well,  provided  the  same  at> 
tention  to  management  of  the  heat,  Sec.  be  observed.   It  is 
also  interesting  to  experimental  chemistr)*,  and  its  pio- 
perties  have  been  examined  by  several  excellent  chembtSi 
among  whom  may  be  enumerated  Mr.  Woolfc,  tk 
Marquis  de  Bullion,  and  M.  de  Pelletier. 

The  old  process  for  aurum  musivum,  and  which  is 
one  of  the  best,  b  the  following ;  as  contained  in  the  Lon- 
don Dispensatory. 

Take  12  oz.  of  tin,  7  oz.  of  flowers  of  sulphur ;  sal 
ammoniac  and  quicksilver,  of  each  6  oz.  melt  the  tin  by 
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itself)  add  to  it  the  quicksilver,  aod  when  the  amalgam  is 
cold  reduce  it  to  powder,  and  i^ix  it  with  the  sulphur  and 
sal  ammoniac,  and  sublime  the  whole  in  a  glass  matrass, 
standing  in  a  sand-batlu     Apply  a  gentle  fire  fi)r  some 
time,  3  or  4  hours,  till  the  white  fumes  which  arise  co-  ^ 
piously  at  first,  begin  to  abate,  then  raise  the  fire  till  the 
sand  becomes  red-hot,  and  keep  it  at  this  point,  neither 
increasing  nor  diminishing  it,  for  a  considerable  time,  ac- 
cording to  the  quantity  of  the  materials,  till  you  judge  die 
operation  to  be  completed.     The  matrass  being  broken 
when  cold,  the  mosaic  gold  is  found  at  the  bottom,  and 
above  it  a  sublimed  substance,  the  compositicxi  of  which 
will  be  presentiy  mentioned. 

The  mosaic  gold  therefore  is  not  a  subRmate^  but  is  a 
fixed  substance,  and  it  cannot  be  raised  by  heat  unchang- 
ed.  It.  weighs  considerably  more  than  the  tin  employed, 
but  the  actual  product  is  extremely  imcertain.  A  good 
deal  of  care  is  required  in  managing  the  fire,  fiy  if  too 
slack  none  of  the  mosaic  gold  will  be  formed,  and  if  urg- 
ed beyond  a  moderate  redness  it  is  s^ain  deccnnposed 
into  a  dark  sulphuret  of  tin,  totally  without  lustre.  The 
proportions  of  the  ingredients  are  variously  given.  For- 
merly equal  parts  of  all  the  substances  were  employed,  but 
they  may  be  reduced  to  the  proportions  here  given  with- 
out diminishing  the  [voduct. 

As  soon  as  the  ingredients  are  mixed  an  odour  of  sul- 
l^uretted  hydrogen  b  given  out,  which  increases  rapidly 
fts  heat  is  applied ;  and  if  the  process  be  performed  in  a 
retort,  with  a  receiver  attached  to  it,  a  quantity  of  hydro- 
sulphuret  of  ammonia  or  volatile  silver  of  sulphur,  comes 
ever,  which  condenses  in  the  extremity  of  the  receiver, 
partiy  as  a  liquid  and  partiy  in  beautiful  crystalline  need- 
les. The  sublimate  which  is  formed  above  the  aurum 
musivum,  and  which  is  much  less  volatile  than  the  am- 
momacal  hydiib-siilphiut't,  is  an  extremely  compoupd 
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substance,  (in  the  usual  way  of  preparing  it)  consisdng 
chicfiv  of  cinnabar,  of  muriated  ammonia,  and  some  mu- 
riat  of  tin,  from  which  by  a  fresh  sublimation  an  addi- 
tional quantity  of  die  aurum  musivum  may  be  obtained. 
This  latter  appears  to  be  contahicd  in  die  first  sublimate, 
and  indeed  may  often  be  ibund  interspersed  in  it  in  shin- 
ing hexagonal  plates,  but  as  aurum  musivum  alone  can* 
not  be  sublimed,  this  portion  is  supposed  to  be  formed 
by  die  muritit  of  tin  and  sulphur  combining  in  tlie  act  of 
volatilization. 

The  decompositions  and  changes  that  take  place  in 
the  preparation  of  aurum  musivum  with  mcrcur}*,  tin, 
muriat  of  ammonia,  and  sulphur,  are  numerous  and  some- 
wliat  complica'cd.  TIk  principal  ones  appear  to  be  the 
following  :  the  mercury  at  first  seems  nearly  pass.\'e  m 
the  operation,  and  serves  merely  to  divide  the  tin,  and  ren- 
der it  easily  reducible  to  [x>wder,  but  when  the  heat  is  in- 
creased the  mercur}'  volatilizes  and  unites  with  the  sul- 
phur  into  cinnabar.  Tlie  tin  is  certainly  first  acted  on  by 
the  sal  ammoniac  decomposing  the  water  ivhich  it  con* 
tains,  the  oxygen  of  which  it  absorbs,  and  the  oxyd  of 
tin  dius  produced  is  immediately  dissolved  by  the  muri- 
atic acid  of  die  sal  ammoniac  forming  a  muriat  of  tin. 
This  process  sets  at  liberty  two  very  volatile  substances, 
viz.  the  hydrogen  of  the  water  decomposed,  and  the  am* 
monia  of  die  salt,  both  of  wluch,  in  volatilizing  cany  up 
a  sufficient  quantity  of  the  sulphur  present  to  consdtute 
the  hydro-sulpliuret  of  ammonia,  which  flies  off  in  wUie 
fumes  in  the  common  way  of  proceeding,  or,  as  ahneadf 
mentioned,  may  be  collected  in  a  receiver  joined  to  the 
ajiparatus. 

The  ingredients  in  the  matrass  arc  now  changed,  moie 
or  less  completely,  to  muriat  of  tin,  mercury,  and  sulphur; 
and  as  the  heat  is  increased  all  the  mercury  and  part  of 
the  sulphur  sublime,  and  unite  into  cinuibar  i  the  rnuriit 
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o?  tin  b  decomposed  by  another  part  of  the  sulphur,  the 
muriatic  acid  is  volatilized,  taking  with  it  a  portion  of  the 
tin,  and  finally  the  remaining  oxyd  of  tin  and  the  rest  of 
the  sul[Aur,  unite  to  form  the  aurum  musivum  that  re«^!  v^ 
mains  at  tlie  bottom  of  the  vessel.  '* 

It  is  to  be  observed  that  the  sole  use  of  the  mercury  in 
this  mixture  is  to  enable  the  tin  to  be  reduced  to  powder, 
so  that  the  mixture  may  be  simplified  by  omitting  the 
jnercur}',  provided  the  tin  is  reduced  to  powder,  or  Other- 
wise divided.  Tiie  ammonia  of  the  sal-ammoniac  is  also 
entirely  superfluous,  and  even  the  sole  use  of  the  muriatic 
acid  is  to  enable  the  tin  to  oxydate  itself  by  the  decompo- 
sition of  u'ater,  which  it  afiects  by  the  resulting  affinity  of 
oxyd  of  tin  for  muriatic  acid  So  that  in  fiict  the  only  ne- 
cessary ingredients  for  aurum  musivum  appear  to  be  oxyd 
of  tin  and  sulphur,  the  latter  in  considerably  larger  pro- 
portion than  it  exists  in  the  black  sulphuret. 

These  observations  will  be  explauied  and  illustrated  by 
a  short  abstract  of  a  variety  of  other  processes  given  by 
dificrent  chemists,  by  which  aurum  musivum  may  be 
made. 

The  three  following  are  given  by  Mr.  Woolfi?. 

Take  10  oz.  of  black  sulphuret  of  tiii,  (formed  by  sa- 
turating melted  tin  with  sulphur)  mix  it  with  4  oz.  of  suU 
phur  and  2  oz.  of  muriatic  acid,  calcine  the  mixture,  and 
heat  the  residue  in  a  matrass  in  the  usual  way.  This 
gives  a  tolerably  good  aurum  musivum. 

2.  Take  4  oz.  of  tin,  saturate  with  sulphur,  powder  it 
well,  and  mix  it  witli  2  oz.  of  sulphur  and  1  oz.  of  crys- 
tallized muriat  of  tin.  Calcine  and  heat  as  in  the  last 
process.  This  gives  6  1-2  oz.  of  a  very  fine  aurum  mu- 
sivum. 

S.  Mix  10  oz.  of  black  sulphuret  of  tin  with  16  oz.  of 
corrosive  jnercurial  muriat,  put  it  into  a  retort  with  a  re- 
viver adapted  to  it,  and  apply  a  heat  for  six  hours,  at 
Vol.  IIL  3  D 
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first  ^itfa  a  moderate  fire,  and  for  the  last  three  hours  the 
retort  must  be  red-hot. 

In  this  process  the  mercurial  muriat  is  decomposedi  a 
pordon  of  the  tin  rises  lughly  oxydated,  and  united  to  the 
muriatic  acid  in  the  form  of  the  smoking  muriat ;  anodier 
portion  remains  belund,  united  with  part  of  the  sulphur 
into  very  beautiful  aurum  musivum,  whilst  the  oxyd  of 
mercury  unites  with  another  part  of  the  sulphur  into  cin- 
nabar. 

The  same  experiment  repeated  by  Pelletier,  with  equal 
parts  of  the  two  ingredientSi  gave  the  fuming  muriat  of 
tin,  running  mercury,  and  aurum  musivum. 

Brugnatelli  g^ves  the  following  receipt. 

4.  Precipitate  a  solution  of  nitrat  of  tin  by  liquid  sol- 
phuret  of  potash ;  dry  the  precipitate,  mix  it  with  half  its 
weight  of  sulphur,  and  a  quarter  of  sal-ammoniac,  and 
heat  as  usual. 

The  fbllo^ring  are  some  of  the  interesting  experiments ' 
of  Pelletief  on  this  subject. 

5.  AsolutionofGOOgrainsof  tin  was  made  in  muriatic 
acid ;  to  this  were  added  GCO  grains  of  sulphur,  and  the 
whole  was  evaporated  to  dryness.  It  was  then  reduced 
to  powder  and  heated  in  the  usual  way,  and  gave  a  subli- 
mate of  muriat  of  tin,  mixed  with  a  little  sulphur,  and  dK 
residue  at  the  bottom  of  the  vessel  was  very  good  aurum 
mu^vum. 

6.  Equal  parts  of  tin  filings,  sulphur,  and  sal-ammo- 
niac, were  duly  heated :  the  volatile  products  were  hydro- 
sulphuret  of  ammonia,  sulphuretted  hydrogen  gas,  sid- 
phur,  and  some  sal-ammoniac,  and  very  fine  aiuum  musi- 
vum remained. 

7.  Equal  parts  of  black  sulphuret  of  tin  and  muriat  of 
ammonia  were  mixed  and  heated.  The  residue  was  a 
black,  iridescent,  friable,  puffy  mass,  very  different  Gcom 
the  simple  sulphuret,  and  appeared  to  be  oxyd  of  tin. 
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not  saturated  with  sulphur ;  and  in  this  latter  circum- 
stance therefore  differing  from  aurum  musivum.  This 
was  confirmed  by  the  toUowing. 

8.  Equal  parts  of  the  black  sulphuret  of  tin,  of  sal- am* 
moniaCy  and  of  sulphur,  were  heated  as  above,  and  a 
good  quantity  of  fine  aurum  musivum  was  obtained.  Aa 
there  was  mdne  sulphur  than  necessary,  some  sulphuret 
of  ammonia  was  sublimed. 

9.  Equal  parts  of  cinnabar  and  black  sulphuret  of  tin 
lieated  together,  gave  running  mercury  and  aurum  musi- 
vum. Cinnabar  consists  of  sulphur  and  oxyd  of  mercu* 
ry,  so  that  the  sulphuret  of  tin  in  this  experiment  deprived 
the  cinnabar  both  of  its  oxygen  and  sulphur. 

10.  Equal  parts  of  tin  put^  fsub-oxydoftinj  and  sul- 
phur  gave,  after  much  of  the  excess  of  sulphur  had  Bub- 
limed  off,  a  black  brittle  mass,  visibly  penetrated  with 
sulphur,  but  no  aurum  mu^vum. 

11.  Some  tin  putty  was  calcined  with  nitre,  and  thus 
converted  into  a  white  oxyd.  Of  this,  600  grains  were 
heated  with  400  of  sulphur,  and  the  products  were,  sul- 
phur and  sulphureous  gas,  and  aurum  musivum. 

12.  The  oxyd  of  tin,  precipitated  from  the  muriat  of 
soda,  and  mixed  with  sulphur,  gave  the  same  products  as 
the  last. 

13.  The  oxyd  of  tin  by,  nitric  acid,  mixed  with  two- 
thirds  of  its  we^t  of  sulphur,  gave  the  same  products  as 
the  last. 

In  examining  these  experiments  it  appears  that  aurum 
musivum  may  be  made  simply  by  heating  sulphur  and 
oxyd  of  tin,  but  the  three  last  experiments  shew  that  it  is 
necessary  for  the  tin  to  be  in  a  state  of  high  oxygenation. 

Neverthdessi  as  in.  these  simple  processes  some  of  the 
sulphur  is  converted  into  sulphureous  acid,  for  the  oxy. 
gen  of  which  no  other  source  but  the  oxyd  of  tin  appears, 
it  may  be  doubted  whether  the  tin  renudns  in  the  highest 
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state  of  oxygenation  in  the  aurum  ijiusivutn,  thou^ 
there  can  be  no  doubt  that  it  is  oxydated  to  a  certain  de- 
gree. 

We  may  therefore  consider  Ais  substance  as  a  sulphu- 
retted  oxyd  of  tin,  in  which  the  oxyd  is  saturated  with 
as  much  sulphur  as  it  can  retain  at  a  low  red  heat. 

Aurum  musivum  may  be  made  as  weU,  and  much  moit 

economically,  in  a  crucible  as  in  glass  vessela.     To  make 

10  or  121b.  of  it  requires  about  eight  hours  ;  but  for  an 

ounce  or  two  in  small  experiments  about  an  hour  will 

suffice. 

Aurum  musivum,  when  %vell  prepared,  is  without  taste, 
and  entirely  insoluble  in  water.  The  acids  have  no  eflkct 
on  it.  When  muriatic  acid  is  boiled  with  it,  some  sul- 
phuretted hydrogen  is  generally  given  out  and  a  little  tin 
dissolved,  but  this  is  owing  to  the  admixture  of  a  portion 
of  sulphuret  of  tin,  for  if  the  residue  is  w*ashed,  no  sub- 
sequent treatment  with  this  acid  produces  any  cSbcL  It 
is  in  this  resistance  to  the  action  of  muriatic  acid,  that  au- 
rum musivum  is  particularly  distinguished  from  the  sim- 
ple sulphuret  and  the  more  and  less  oxydated  hydn^sul- 
phurets  of  tin. 

When  aurum  musivum  is  digested  with  a  sdndon  of 
potash  and  heated,  it  quiedy  dissolves  and  forms  a  green 
liquid,  from  which  acids  seps^tc  a  yellow  powder,  wbkh 
is  the  super-oxydated  hydro-.suIphuret,  and  not  regenerat- 
ed aurum  musivum. 

If  mosaic  gold  is  heated  strongly  in  a  close  vessel,  (dat 
is,  to  as  full  a  red  heat  as  a  glass  retort  will  bear)  it  is  en- 
tirely altered  in  its  nature,  a  large  quantity  of  sulphureoa 
acid  gas  is  given  out,  some  sulphur  sublimes,  tnd  the 
residue,  which  is  nearly  five-sixths  of  tlie  wlioie,  is  a  black 
brilliant  metallic-looking  mass,  which  ap{)earb  to  be  chief- 
ly sulphuret  of  till.    A  strong  heat  tlierefore  causes  the 
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union  of  part,  if  not  all,  of  the  oxygen  of  the  aurum  musi- 
vum,  with  that  portion  of  the  sulphur  which  flies  off  as 
sulphureous  acid.  [2  AikirCs  Diet.  430 — 433. 

The  old  process  is  as  follows.  Take  12  ounces  of  tin : 
7  ounces  flour  of  sulphur :  6  ounces  sal-ammoniac :  6 
ounces  mcrcur}\  Melt  tlie  tin,  add  the  mercury  to  it. 
When  cold,  powder  the  amalgam,  and  triturate  it  accu- 
rately with  the  sulphur  and  sal-ammoniac.  Put  them  in 
a  matrass,  set  it  in  a  sand  bath,  keep  up  a  gentle  Are  for 
four  or  five  hours,  then  encrease  it,  but  not  beyond  the 
degree  necessary  to  sublime  the  volatile  parts,  otherwise 
the  aurum  musivum  will  be  pardy  melted  and  spoiled. 
If  the  Are  be  properly  managed,  these  quantities  will  af- 
Sord  1  ounce,  4  drams  and  2  scruples  of  volatile  liver  of 
sulphur :  13  ounces,  2  drams  of  sublimed  muriat  of  tin 
and  cinnab'ir,  and  there  will  remain  at  the  bottom  of  the 
matrass  1  o  ounces  of  aurum  musivum. 

Woolf  says  that  the  following  proportions  give  17  1-2 
ounces  instead  of  16;  viz.  tin  12,  sulphur  7,  sal-ammo- 
niac 3,  and  mercury  3. 

Another  recipe.  (Woolf.)  Saturate  melted  tin  with 
sulphur,  by  throwing  the  sulphur  in  at  three  or  four  in- 
tervals. You  may  use  one-third  or  one-fourth  of  sulplmr 
by  weight,  bat  according  to  Proust,  the  tin  will  not  take 
up  more  than  about  1 5  per  cent.  Of  this  sulphurated 
tin,  take  10  ounces  and  mix  it  with  16  ounces  of  corro- 
i^ve  sublimate.  You  must  have  a  cover  over  the  vessel 
in  which  you  triturate  tl>em  together.  Put  the  mixture 
into  a  retort,  or  matrass,  or  large  crucible,  having  another 
inverted  over  it  and  luted,  with  a  hole  in  the  top.  Cal- 
cine with  a  moderate  fire  for  6  hours,  then  keep  the  re* 
tort  red  hot  for  three  hours.  This  produces  aurum  mu- 
tiivum  of  superior  quality.  Indeed  the  best  sort  seems 
not  to  be  obtained  lyithout  using  mercury  or  some  pre« 
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paradon  of  mercury ;  ahfaougfa  not  a  particle  enters  into 
the  compo^tion  of  aorum  mosaicum,  which  ccxi^sts  of 
2-3  tin  and  1-3  sulphur. 

A  good  coloured  aurum  mosaicum  may  be  thus  pro- 
duced. Saturate  8  ounces  of  melted  tin  \nth  sulphur: 
pound  it :  mix  it  accurately  with  5  ounces  more  of  sul- 
phur, and  4  ounces  of  sal-ammcxiiac  :  calcine  it  widi  die 
precautions  above  mentioned.     (Woolf.) 

The  apparatus  recommended  by  Wodf  is  the  fiiDowing. 
Take  a  hrg^  black  lead  crucible,  number  60 ;  bore  a 
round  hole  in  its  bottom  about  three  inches  diameter,  and 
saw  off  an  inch  of  its  upper  edge.  If  it  has  a  lip,  get  a 
round  piece  of  burnt  clay  of  an  mch  thick  or  rather  more, 
to  fit  exactly  into  thb  edge.  The  composition  used  tat 
making  paving  tiles,  answers  very  well  for  this  puipose; 
In  order  to  make  use  of  this  apparatus,  fit  the  round  pkoe 
of  burnt  clay  to  the  inner  edge  of  the  crucible,  by  means 
of  some  loam  softened  with  glue,  and  dry  it  slowly. 
Then  turn  it  upside  down,  and  lay  it  in  a  proper  fimaace 
on  two  iron  bars.  The  mixture  for  the  aurum  mosu- 
cum  is  to  be  put  in  through  the  round  hole  at  top,  and 
then  covered  with  an  aludd  (a  wide  pipe  or  tube  open  at 
both  ends)  and  luted.  This  serves  to  collect  the  fioun 
and  sublimate  that  rises.  The  fire  is  to  be  made  under 
and  all  round  the  crucible.  1  lib.  troy  of  aurum  muavum 
may  be  thus  made  at  a  time.  The  operation,  urindr 
takes  about  eight  hours,  cannot  fiiil,  if  the  fire  be  of  suffi- 
cient strength  and  of  an  equal  degree  fix>m  the  top  to  the 
bottom  of  the  crucible. 

Mr.  Woolf  observes,  that  the  sublimed  muriat  of  tin 
produced  in  this  process,  is  very  far  superior  as  a  mor- 
dant to  any  of  the  solutions  used  by  the  dyers. 

Mr.  Proust  has  recorded  21  experiments  (xi  this  sub- 
ject in  the  1 3th  vol.  of  the  Annales  de  Ch3rnue.  These 
experiments  lead  to  the  conclusion  that  aurum  musivum 
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alx  or  oxyd  of  tin  intimately  combined  with  sul- 

n  the  proportion  of  3  parts  of  tin  to  2  of  sulphur. 

Vocifj  Proust  found  the  process  in  which  mcrctuy 

^  of  its  combinations  was  employed,  afforded  the 

oloured  aurum  musivum.    Thus  from  subliming 

arts  of  tin  saturated  with  sulphur,  and  of  corrosive 

ite,  he  obtained  from  3  ounces  of  eaqh,  2  1-2  oz. 

fine  aurum  musivum. 

suits  from  these  accounts  that  for  the  finest  aurum 

im  one  or  other  of  the  following  pn)cesses  are  ex- 

. 

12  parts,  sulphur  7,  sal-ammoniac  3,.mercur5r  3, 

:ated  by  Woolf.     Or 

al  parts  of  sulphurated  tin  and  corrosive  sublimate, 

together  and  sublimed :  though  from  the  mer- 
Dming  over  in  part  revived,  I  should  almost  sus- 
tiat  the  corrosive  sublimate  might  be  still  further 
>hed. 

common  aurum  musivum,  take  the  following  pro- 
is,  viz. 

ihurated  tin  6  parts :    sal-ammoniac  4  parts :  suU 
parts. 

fire  must  not  be  greater  than  enough  to  sublime 
ammoniac :  steady  and  moderate  at  first,  and  then 
med  to  a  red  heat,  but  not  a  full  red  heat.  If  the 
lould  not  be  enough,  as  may  be  seen  on  opening 
icible,  it  may  be  further  applied.  Aurum  musi- 
( no  longer  used  as  a  medicine,  but  only  as  a  co- 
l  material  in  decorations. 

observations  of  Woolf  as  to  ihe  superiorly  of  the 
ed    muriat  of  tin  as  a  mordant,  deserves  to  be 

for  the  dying  of  scarlet  is  becoming  of  consc- 
:  in  this  country.  But  it  requires  to  be  verified  by 
tnent. 
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Aurum  musivum  is  one  of  the  ingredients  in  making 
the  imitations  of  the  beautiful  stones,  Aranturine  and 
Lapis  Lazuli :  though  I  think  its  place  may  be  supplied 
by  ground  gold  leaf. 

On  the  solution  of  Tin  used  as  the  comfiosiiian  for  the 

Scarlet  Dye, 

I  shall  have  to  treat  on  this  dye  when  I  come  to  thear* 
tide  dying ;  but  the  obser\'ations  I  liave  to  make  on  tin 
and  its  solutions,  may  properly  find  place  here. 

The  usual  composition,  or  mordant  for  the  scailet  dye 
on  woollen  cloth  is  this.  To  one  pound  of  the  strongest 
aqua  fortis  add  an  equal  measure  of  u'ater  in  a  glass  ves- 
sel. Then  bruise  separately  one  ounce  and  a  half  of  clean 
sal-ammoniac,  and  half  an  ounce  of  salt  petre,  and  gradu- 
ally dissolve  these  in  the  diluted  aqua  fortis  in  a  cool  place. 
Then  add  by  a  small  piece  at  a  time  from  two  ounces  to 
two  ounces  and  a  half  of  grain  tin,  previously  granulated 
by  being  melted,  and  poured  through  a  bundle  of  twigs 
or  a  birch  broom,  into  water.  The  solution  ought  to  oc- 
cupy two  days. 

The  aqua  fortis  ought  to  be  of  the  specific  gravity  1,5 
or  to  weigh  one  half  more  than  an  equal  bulk  of  ti-arer* 
Some  good  dyers,  add  only  one  ounce  of  sal-ammcniac, 
and  two  ounces  of  tin,  to  thfe  pound  of  aqua  fortis :  but  I 
shall  prefer  one  ounce  and  a  half  of  the  salt,  and  two  ozs. 
Aid  a  lialf  of  tin ;  because  there  is  some  reason  to  be- 
lieve it  will  keep  better.  The  sal-ammoniac  prevents  the 
oxydation  of  the  tin. 

I  shall  have  a  good  deal  to  say  on  the  scarlet  dye  when 
I  come  to  that  article,  but  at  present  I  confine  my  obser- 
vations, 1st.  To  the  tin.  Ay.  To  the  acid.  3I3'.  To 
the  sal-ammoniac.  41y.  To  the  nitre.  Sly.  To  the  t^ti- 
tcr. 
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1st.  Of  the  tin*  The  common  tin  frequently  con- 
tains lead ;  and  sometimes  copper ;  with  this  admixture, 
ho  fine  scarlet  can  be  procured.  Both  lead  and  copj^r 
alter  the  crimson  and  the  scarlet*  tinge ;  the  latter  metal 
saddens  the  cdour.  But,  out  of  eighty  grains  of  common 
tin  from  an  ingot  such  as  are  usually  sold  in  Philadelphia, 
I  procured  neither  lead  or  copper,  I  dissolved  it  in  nitric 
acid,  which  calcined  all  the  tin :  the  oxyd  being  washed^ 
shewed  no  trace  of  lead  with  sulphuric  acid. 

No  tin  is  so  fit  for  the  purpose  as  that  called  the  grain 
tin,  and  even  that  b  not  always  fi'ee  firom  contamination. 

21y.  Of  the  acid.  A  scarlet  dyer  ought  to  make  his  oavu 
aqua  fcutis  in  glass.  In  the  common  way  of  manufacturing 
thb  acidy  if  iron  stills  or  retorts  are  not  used,  iron  heads 
to  the  stills,  are.  Hence,  it  b  scarcely  possible  that 
the  acid  should  not  be  contaminated  with  iron.  This 
can  be  ascertained  by  tincture  of  gaUs,  or  prussiat  of  pot- 
ash ;  and  though  the  triple  nature  of  thb  last  salt  is  Uable 
to  objection,  it  will  sufficiently  answer  the  purpose. 

Nitric  acid  is  also  contaminated  by  an  admixture  of 
muriatic  ;  owing  to  the  common  salt  contained  in  com- 
mon salt  petre ;  and  also  of  sulphuric  acid,  owing  to  the 
impurity  of  tlic  oil  of  vitriol  usually  employed,  which 
comes  over  in  the  form  of  sulphurous  acid  gas.  But  I 
do  not  know  that  these  are  very  objectionable  in  the  pro- 
cess.  The  addition  of  nitre  tends  to  saturate  the  superflu* 
ous  sulphuric  acid. 

31v.  Ofthesal-ammoniac»  Thb  salt  is  made  accord** 
ing  to  modem  processes,  from  alkali  procured  by  the  dis- 
tillation of  animal  substances  in  long  cylindrical  iron  re- 
torts.  It  ought  to  be  previously  examined  for  iron,  which 
uniformly  gives  a  violet  tinge  to  the  cochineal  colour. 

41y.  Of  the  nitre.     I  do  not  think  it  worth  wliile  to 
purify  thii  salt.    The  common  impurities,  except  iron, 
do  no  damage. 
Vol.  III.  3K 
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5ly.  Of  the  water.  This  is  very  importsuiU  Alldrt, 
makes  the  colour  dull.  All  the  earthy  salts  sadden  the 
colour.  K  it  contain  iron,  it  will  give  the  violet  tinge. 
It  b  indiqpensible  to  ascertain  what  iron  it  contains,  and 
by  evaporation  of  a  quart  of  it,  how  much  and  what  earthy 
stilts  it  holds  in  solution. 

Hence,  the  making  of  the  tin  mordant  fior  scarlet  dod), 
as  well  as  the  necessary  examination  of  all  the  other  in- 
gredients requires  chemical  knowledge  to  proceed  widi 
any  degree  of  certainty.  By  and  by  it  will  be  worth  whifc 
for  some  chemist  in  tins  country  to  make  the  oomposi- 
tion  as  an  ardde  for  sale. 

Common  salt  is  not  so  good  a  vducle  of  the  tin  as  sal» 
ammoniac. 

Fiiiugs  of  tin  are  g^ven  as  a  medicine  in  cases  of  worois: 
but  I  do  not  know  of  any  iiirther  use  of  thb  metaL  The 
r.mdui^  liquor  of  Libavius  is  not  of  impodttwc  as  yet 
in  a  manu&cturing  pdnt  of  view. 


GEOLOGY. 

OutRne  of  Geology^  by  the  E£tor. 

Before  I  enter  on  the  relative  ages  of  metallic  sob- 
stances,  it  may  not  be  amiss  to  give  a  h-ief  sketeh  of  tbe 
formation  of  the  earth,  acccxxiing  to  the  best  acknowledg- 
ed facts  we  possess,  and  the  most  probable  opinions 
hitherto  advanced.  In  doing  this,  I  shall  not  scruple  to 
blend  my  own  views  of  the  subject,  with  the  remarks 
v/hich  I  sliall  be  induced  to  adopt  from  other  writers, 
uhiefly  Werner,  as  exhibited  by  Jamicson ;  confining  my- 
sdf  however,  as  well  as  I  can,  to  fair  deductions  fitwn 
known  phenomena. 
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Ttoe  sm  only  two  systems  rehtmg  to  the  explanation 
of  the  general  appearance  of  our  planet,  tfiat  are  entitled 
to  any  consideratic»i :  the  one  the  Neptunian^  at  the  head 
of  which  16  Werner  the  prdessor  of  mineralogy  at  Fri« 
burgh;  the  other  the  P^^ofiuiTty  advanced  by  die  late  Dr* 
HuttoH)  so  well  known  in  the  mathematical  world,  and  at 
present  chiefly  suj^xvted  by  professor  Plajr&ir  of  Edin- 
burgh. 

Werner's  system,  in  brief,  is,  that  all  the  more  exten- 
sive and  universally-found  strata,  or  formations,  of  our 
globe,  have  been  formed,  pardy  by  crystallisation  of  sub- 
stances dissolved  or  intimately  mixed  with  the  watery 
fluid  that  contuned  them  in  a  chaotic  state— *pardy  by 
subsidence  of  the  particles  mixed  wi^  the  water—- and 
in  cases  of  volcanic  strata,  by  volcanic  eruptions.  His 
general  distinction  of  primitive,  transition,  seomdary, 
alluvial,  and  volcanic  sculs  or  rocks,  appears  to  me  too 
probable  to  be  rejected ;  nor  is  it  possible  for  any  person 
who  has  seen,  (as  may  very  commonly  be  seen,)  granite 
and  quartz ;  also  plants  and  soft  shells,  surrounded  by 
and  enveloped  in,  limestcxie,  flint,  siliceous  grit,  and  ar- 
gillo-silite,  to  doubt,  but  die  great  majority  of  rocks  and 
stones,  are  formed  by  ciystallization  and  subsidence  of 
particles  dissolved  or  mixt  in  water. 

Accordii^  to  the  Plutonian  hypothesis  of  Hutton  and 
Pk^&ir,  our  globe  is  subject  to  a  gradual  but  perpetual 
change,  inducing  endess  alterations  of  continent  and  of 
aea,  in  the  same  pboes.  The  present  continents,  for  in- 
stance, are  subject  to  destruction  by  the  action  of  air, 
rain,  mechanical  attrition,  chemical  decomposition,  the 
c^xration  of  gravity,  8cc.  The  materials  thus  broken 
down,  and  decomposed,  are  gradually  carried  to  the  bot- 
tom of  the  ocean,  where  they  are  subject  to  induration 
by  the  action  of  internal  heat,  and  new  strata  are  formed^ 
which  in  time  are  raised  by  subterraneous  fires.  Iiecom- 
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in  their  turn  terra  firma.  The  sea  is  propelled  over 
The  old  continents,  whicli  then  become  the  bottom  of  the 
o.^ui:,  while  the  new  continents  arc  gradually  clothed 
wi'h  v-:5;etables  and  animals,  and  in  process  of  time  un- 
'lL:g'>  'ch'j  same  gradual  action,  decay,  and  submcxsion, 
which  tiicir  predecessors  experienced. 

The  e  ^  pcriments  of  Sir  James  Hall,  on  the  effects  of  heat 
nvjdifitd  by  compression,  have  been  made  in  pursuance 
and  support  of  Hutton*s  theory ;  and  he  has  certainly 
shewn,  that  crystallized  forms  of  carbonat  of  lime  may  be 
produced  under  the  joint  operation  of  great  heat  and  great 
compression,  which  are  v^ry  similar  to  such  as  would  be 
gencr.iily  ascribed  to  a  or}  stallization  from  watery  fuaon 
or  admixture. 

The  view  of  the  subject  that  at  present  occurs  to  me 
as  most  probable,  is  this : 

The  density  of  tlK  eardi,  according  to  the  calculatkxis 
and  observations  of  Sir  Isaac  Newton,  Dr.  Maskdync^ 
Dr.  Hutton,  Professor  Playfair,  and  the  honourable  Mr. 
Cavendish,  cannot  be  less  than  five  times  that  of  water. 

The  strata  or  formations  of  the  earth,  so  &r  as  tbey 
have  been  examined,  consist  of  the  foUoiiining  nine  eardis 
or  tlieir  combinations :  alumina,  silica,  calcia,  magneaa, 
baryta,  slrontia,  glucina,  zirconia,  jrttria.  The  three  hst 
are  found  in  quantities  so  comparatively  small,  as  not  to 
be  worth  notice  on  tl^e  present  occasion.  The  same  ob- 
servation may  be  made,  tliough  in  a  less  degree,  on  ba- 
ryta and  strontia,  which  are  only  found  occasionally  io 
secondary  strata  in  nodules,  or  as  the  matrix  of  ores,  or 
odicn\isc  insulated.  Tlie  eartli  and  its  formations  may 
therefore  be  considered  as  consisting  of  alumina,  silica, 
calcia,  and  magnesia,  and  their  admixtures  and  combi- 
Tiations ;  interspersed  rather  dian  intersected  occasionallv 
l)v  merallic  subbtanccs, 
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Alumina  has  the  specific  gravity  2,  calcia^  2<3,  mag- 
nesia 2.3,  silica  2.65.  The  metallic  qk&  contained  in 
these  formations,  are  too  few  in  number  and  in  quantity 
to  raise  the  specific  gravity  of  the  mass  ,1.  Add  to  this, 
that  the  quantity  of  sea  &  river  water  contained  in  these  for- 
mations will  greatly  reduce  the  specific  gravity  of  the  mass ; 
so  that  the  average  specific  gravity  of  all  the  knoxvn  strata 
of  the  earth  cannot  fairly  be  considered  as  amounting  to 
more  than  2 ;  but  if  taken  at  2.5,  then  will  the  known 
strata  possess  a  specific  gravity  of  one  half  the  specific 
gravity  of  the  whole  globe.  Hence  it  will  follow,  that 
this  earth  consists  of  a  nucleus,  of  a  metallic  nature, 
whose  specific  gravity  exceeds  5,  covered  by  a  crust  con- 
sisting of  a  series  of  formations  having  togethisr  a  speci- 
fic gravity  not  quite  reaching  2.5. 

This  outward  crust,  includbg  the  rivers  and  oceans 
that  rest  upon  and  within  it,  seems  to  be  the  only  object 
of  examination  to  the  Geologist,  or  as  the  German  phi* 
losophers  affect  to  say,  the  Geognost.  No  observation 
that  I  know  of,  has  hitherto  extended  beyond  the  granite 
formation  that  appears  as  its  substrattim.  I  know  of  no 
volcanic  ejection  that  will  warrant  us  in  concluding  that  the 
matter  thrown  out,  is  any  other  than  part  of  the  forma- 
tions that  constitute  this  crust.  The  following  questions 
admit  but  of  conjectures. 

What  are  the  constituent  parts  of  the  nucleus  ? 

Is  there  any  series  of  cavities  between  the  nucleus  and 
the  crust? 

AVhat  is  the  thickness  of  the  crust  ? 

Of  how  many  ordinal  and  universal  strata^  or  forma- 
ticns  does  this  crust  consist  ? 

I  tread  upon  new  ground ;  but  I  use  the  aids  which 
wise  men  have  furnished ;  I  have  none  of  my  own. 

llie  nucleus  is  metallic  :  I  conclude  tliis,  from  its  spe- 
r  ific  gravity ;  far  too  great  for  any  known  earth.   Sir  Isaac 
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Newton  computed  it  at  7|  but  I  abide  by  Dr.  Maskdyoe 
and  Mr.  Cavendish.  If,  accordmg  to  themy  the  whok 
mass  of  the  earth  be  5,  the  nucleus  cannot  be  less  than  6^ 
eonudering  thedeductions  to  be  made  fi^r  the  various  earths 
fiorming  the  crust,  the  waters  that  cover  so  lai^  a  part 
of  it,  and  the  cavities  that  are  most  probably  oontuned 
m  It. 

Of  what  metallic  substance  ?  Probably  of  iron  «nd 
nickel:  because  these  are  the  only  magnetic  metals ;  and 
I  know  not  how  pos^Iy  to  account  ibr  the  pfaenomcna 
of  magnetism,  but  by  means  of  a  magnetic  mickus. 
McMreover,  I  cannot  but  suspect  diat  some  oonnecdon 
exists  between  the  composition  of  meteorolites,  all  of 
which  contain  iron  and  nickel,  and  the  subject  of  this  in- 
vestigation. The  specific  gravi^  of  metallic  nicM  b 
only  8.38,  of  iron  7.6  or  7.7.  The  nucleus  however  viD 
more  probably  consust  of  the  ores  of  these  metals  den  the 
metals  themselves:  and  we  know  that  very  many  of  ^ 
iron  ores  are  magnetic  and  polar.  These  are  conjee* 
tures:  but  the  present  state  of  our  knowledge  does  not 
aflRird  better. 

Are  there  any  cavities  intervening  between  the  micleus 
and  the  crust?  Cavities  which  admit  of  the  cntanoe  of 
atmospheric  ur  ? 

It  diould  appear  that  there  are  su^.    For, 

It  b  manifest  that  the  whole  series  of  formatioos  fiom 
the  uppermost  alluvial  soil  down  to  the  lowest  granite, 
have  in  many  instances  been  shaken  en  masse,  from  their 
foundations — upheaved.  None  of  them  are  horinnbd, 
as  they  were  originally;  a  &ct  which  Saussure  first esca- 
blished :  nor  do  any  of  them  preserve  an  umfionn  d^  or 
inclination.  Marks  of  the  revolutions  they  have  under- 
gone ab  imo,  from  die  \tty  deep,  are  not  to  be  gainsud. 
Tlie  lowest  and  deepest  granite,  is  most  generally  found 
also  as  the  outgoing,  or  as  ccHistituting  tbe  sununit  of  the 
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b(!h£  jt  mountoinfr-^breakbg  out  to  the  day,  in  the  wdl 
cb ,  ';n  phraseology  of  the  miners.  Nor  is  the  older  gra* 
mi'  a/vays  in  its  original  situation,  undermost:  it  is 
fL.u:;d  so  r.f^times  overlaying  gneiss  and  other  primitive 
strar...  Evidently  the  result  of  eruptions:  taking  place, 
not  ill  cavities  tluit  occur  in  or  between  the  layers  of  die 
crust,  but  below  them  all ;  for  they  have  all  been  raised 
up  fn^m  ihc  lowest  granite,  with  its  superincumbent  for- 
mations by  some  deep  seated  and  mighty  force. 

Will  it  not  be  alloived,  that  this  force  is  probably  voir 
canic  ?    Whence  otherwise  is  it  to  be  derived  ? 

Electrical  earthquakes  liave  had  their  day :  they  will 
occur  no  more.  Nor  shall  we  imitate  (I  suspect)  the  Nea« 
potitan  philosopher  who  proposed  to  sink  wells  to  let  o|it 
the  steam  of  the  great  abyss.  I  venting  to  assert  it,  as  a 
theoiy  at  least  as  likely  as  any  other  hitherto  proposed, 
that  volcanoes  and  earthquakes,  are  owing  to  the  chemi* 
dal  action  on  each  other,  of  iron,  sulphur,  moisture  and 
atmospheric  air.    Where  are  these  to  be  found  ? 

Ail  the  sulphur  of  Europe,  is  supplied  by  the  sublima- 
tion  of  that  substance  in  die  Solfaterras — in  the  immedi- 
ate  vicinity  of  European  volcanoes. 

All  lavas  contain  (on  the  average)  24  per  cent,  of 
iron.     I  think  this  is  the  quantity  which  Kirwan  states. 

We  have  then  as  vokanic  products,  sulphur  and  iron ; 
and  if  through  the  lower  strata  or  formations,  %vater 
should  be  supplied,  we  have  even  without  atmospheric 
air,  all  the  materials  for  earthquakes,  volcanoes,  eruptions 
and  subversions.  The  water  is  decomposed :  the  iron 
and  sulphur  oxygenated:  caloric  evolved:  hydrogen 
escaping  through  immense  cavities  inflamed,  and  all  the 
phenomena  at  once  accounted  for. 

Having  now  arrived,  per  varies  casus j  per  tot  cSscrimwa 
rerumy  from  the  nucleus  to  the  cnist  of  the  earthy,  we  will 
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txy  what  is  to  be  doiie  with  tliat  important  part  of  our 
subject. 

The  following  circumstances  have  been  observed^  and 
may  be  taken  as  facts.  1.  There  appears  to  be  a  aeries 
of  strata,  or  as  Werner  calls  them  formations,  tliat  may 
be  considered  as  surrounding  the  nucleus  of  the  eartli. 
The  first  formed,  or  lowest  scries,  always  preserve  the 
same  situation  to  each  other  except  where  occasional 
eruptions,  cr  circumstances  not  of  a  general  nature,  make 
a  variety  in  dieir  situations.  These  strata  are  not  only 
the  deepest,  but  they  are  also  the  highest  tliat  are  dbsferV' 
ed  in  the  crust  of  the  eardi ;  forming  the  tops  of  the  Ingh- 
est  mountains.  They  are  characterised  by  an  appearance 
of  cr}'stallization,  and  by  containing  no  remains  of  or- 
ganic matter,  vegetable  or  animal.  The  strata  or  forma- 
tions that  in  general  constitute  this  first,  deepest,  lug^iest, 
and  crystallized  series,  are, 

Granite^  consisting  of  feldspar  crystallized  in  &cels  fre- 
quently lustrous ;  quartz ;  mica.  Sometimes  also  schori. 
Sometimes  the  scliorl,  sometimes  the  mica,  sometimes 
both  are  wanting.  But  these  are  accidental  deficiencies. 
This  stone  in  all  its  varieties,  is  common  about  Balti- 
more, and  at  Germantown. 

Gfieiss. — ^l^his  is  a  stone  composed  of  feldspar,  quartz, 
and  mica,  in  much  snudlcr  particles  than  in  granite ;  in 
the  mass,  it  is  also  stratified  or  formed  in  layers^  which 
granite  is  not.  This  is  the  common  stone  used  for  build- 
ing, and  for  kirb  stones  in  Phibdelphia. 

Alica  Slate. — This  b  a  stratum  at  formation  consist- 
ing principally  of  quartz  and  mica,  in  which  the  mica 
predominates.  It  generally  also  contains  aystallized  gar- 
nets. Stones  of  this  formation  are  common  about  Ger- 
mantown,  Uie  Falls  of  Schuylkill,  Ecc. 

Clay  Slate. — The  common  grey,  bluish,  yellowish,  or 
smoke  coloured  slate^  often  used  for  covering  houses. 
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Primitive  Trap. — This  is  the  pure  black  homblende, 
the  hornblende  slate,  and  the  mixed  hornblende ;  it  appears 
at  11  and  12  miles  irom  Philadelphia  on  the  Chesnut 
Hill  road  immediately  after  the  steatite  or  9oap  stone ;  and 
intermingling  with  the  micaceous  shistose  limcstoxie,  and 
then  with  the  granular  limestone. 

Granular  ifW^fowe.— Crystallized  :  this  may  be  ob- 
served on  the  road  to  White  Miirsh,  about  13  miles  from 
Philadelphia  :  the  mica  slate,  becomes  gradually  mica- 
ceous limestone  slate,  and  then  granular  limestone  or 
marble,  coloured  with  hornblende  (amphibole,  primitive 
trap)  as  in  the  black,  and  black  and  white  marble  of 
White  Marsh  used  at  Philadelphia. .  The  clay  slate  here, 
does  not  intervene  so  far  as  I  recollect. 

Serpentine. — I  have  not  traced  this  in  the  neighbour- 
hood of  Philadelphia :  the  soap  stone  first  appears.  This 
I  think^passes  into  serpentine,  of  which  the  neighbouihood 
of  Easton  furnishes  fine  specimens.  Chlorite  escaped  me. 

Porphyry  and  Sienite. — Porphyry,  is  compact  feldspar^ 
containing  small  crystals  of  feldspar :  or  quartzose  stones 
containing  such  small  crystals.  Sienite,  is  a  stone  com- 
posed of  feldspar,  quartz  and  hornblende.  I  suspect  this 
formation  has  not  been  traced  upon,  or  over  lying  the  ser« 
pentine  in  Pennsylvania.  These  stones  abound,  as  rolled 
specimens  out  of  place,  on  the  shores  of  the  North  East 
bAnch  of  the  Susquehanna  from  Danville  upward  to 
Wilkesbarre,  and  I  believe  at  inter viils  as  far  as  Tioga  point* 
I  know  not  the  source  of  them.  I  suspect  them  to  belong 
to  the  secondary  trap  fcarmations,  for  they  are  intermixed 
with  all  the  varieties  of  green  stone.  The  feldspar  is  ge- 
ncrally  reddish. 

Sometimes  a  second  deposition  of  granite,  cJr  newer, 
more  recently  deposited  granite,  is  found  among  the  pri- 
mitive strata :  in  this  the  en  stals  are  similar  to  those  of 
Vol.  III.  3  F 
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the  oldest  granite  formations,  but  smaller.     K I  mistake 
not^  Nonristown  will  afford  specimens  of  this. 

These  strata  or  formations  are  so  generally  found,  and 
in  the  same  lutuations  as  incumbent  upon  or  subtending 
each  other  relatively,  that  they  may  be  considered  as  uni- 
versal. 

Their  aystallized  appearance  shews  that  their  particles 
have  been  either  dissolved  or  very  finely  suspended  in 
water,  so  that  the  attraction  of  crystallization  has  been  fiiee 
to  operate :  that  this  water  has  been  deep,  so  as  that  the 
lowermost  parts  of  it  have  not  been  much  agitated  during 
the  crystallization,  which  would  otherwise  have  been 
Toxxt  cmfused  than  it  is :  and  indeed  the  oldest  forma- 
laoo&  are  the  best  cr)'stallized.  A  part  of  the  water  cover- 
ing the  nucleus  must  have  been  taken  up  as  water  of  ays- 
tallization,  in  the  primitive  formations.  Again:  when 
these  were  deposited,  there  were  no  vegetables  formed  : 
of  course  no  animals :  nay  even  the  sea  was  unpeopled, 
fat  there  is  no  trace  of  any  organic  remains  in  these  strata. 
Even  the  Beknmites,  the  Asteriae,  the  Echini,  the  Entro- 
du,  the  most  simple  forms  of  oceanic  animal  life,  do  not 
occur  till  the  transition  strata  appear.  Hence  the  pro- 
priety  of  denominating  these  formations,  primitive. 

By  processes  of  nature,  (beside  the  consumptioo  of 
water  by  the  new  crystallized  masses)  to  us  unknoin), 
the  mass  of  waters  appear  to  have  diminished.  TIic  higjh* 
er  parts  of  the  primitive  strata  or  formations  became  the 
shores  to  the  water  superincumbent  on  tlieir  bases  and 
middle  regions ;  the  simplest  forms  of  oceanic  animak 
came  into  existence,  and  mosses  and  lichens  of  hig^  lati- 
tude, would  generally  occupy  the  sur&ce  of  the  primidve 
strata,  gradually  decomposed  by  tlie  alternate  acticn  of 
air  and  water  after  many  ages. 

During  this  period,  while  the  strata  ^i^ere  in  a  state  of 
fransitioti  from  the  chaotic  to  the  habitable  state,  other 
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deposits  would  gradually  be  made  from  £he  waters,  now 
decreased  in  quantity ;  and  take  their  place  below  the 
summits  of  the  primitive  range.  Those  sumnuts  being 
exposed  to  the  acticm  of  the  atmosphere,  of  rsdns,  of  frost 
probably,  and  to  the  action  also  of  the  waters  with  their 
contents  still  incumbent  on  the  earliest  strata,  would  fur« 
nish  masses  and  particles  washed  away,  which  would 
mingle  with  the  deposits  of  the  transition  series :  thb  x^ 
rlcs  therefore,  will  exhibit  appearances  of  mechanical  and 
chemical  intermixture  of  cartlis  and  stones  such  as  are 
found  in  the  green  stone,  siliceous  hornblende  rock,  argil- 
laceous  hornblende  rock,  grauwacky,  and  lastiy,  wacky 
which  form  the  trap  rocks  of  the  transition  series.  Spe* 
cimens  of  tliese  trap  formations  can  be  traced  from  Perkio* 
men  Bridge,  through  Reading  to  the  mountmn  ranges  of 
shistus  that  reach  from  Putt's  forge  to  Sunbury,  in  Perai- 
sylvania*  The  transition  limestone  is  the  earliest  oftlus 
series,  but  I  have  not  had  occasion  to  remark  the  flint 
slate  or  the  transiticHi  gypsum.  During  the  period  when 
these  transition  formations  were  deposited,  there  would  be 
no  land  animals,  for  there  would  be  no  -vegetables  fof 
them  to  fe$d  upon.  There  would  be  no  vegetables,  un- 
less some  few  lichens,  mosses,  or  ericas,  that  would  find 
foothold  upon  the  slight  decomposition  that  after  die  lapse 
of  some  ages  would  take  place  on  the  sur&ce  of  die  pri* 
mitive  rocks.  The  sea  only  would  be  peofded,  and  diat 
but  sparingly ;  for  in  that  mass  of  muddy  water,  nond 
but  the  lowest  and  most  inferior  grades  d£  animal  life, 
and  such  as  do  not  inhabit  deep  water  could  exist.  Henoc 
we  find  the  transition  formations  contain  in  tiieir  sub- 
stances, some  belemnites,  asterisk,  entrochi,  echini,  Su:. 
but  no  organized  vegetable  substance  except  very  rarely 
in  the  latest  rocks  of  this  series,  and  no  remains  whatever 
of  terrestrial  animals. 
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Indqed,  in  the  high  latitudes  of  the  outgoings  or  sum- 
mits  tf  the  primitive  strata,  very  few  vegetables  even  at 
the  present  day  can  live.  No  vegetation  fit  for  animal 
lifi^  could  take  place,  until  the  tranution,  and  most  of  the 
next  series  of  (secondary  or  fletz)  formations  had  subsid- 
ed. These  would  occupy  gradually  lower  and  lower  si- 
tuations, till  a  rich  soil  fix)m  every  kind  of  intermixture 
of  earth  mechanically  deposited,  would  afibitl  a  proper 
temperature  of  region,  and  an  easily  decomposed  soil 
wherein  vegetables  could  grow. 

Next  to  the  transition  series,  then,  come  the  secondcay 
or  as  the  German  mineralo^sts  call  them,  the  Floetz 
(Fletz)  Rocks :  so  called,  because  they  appear  to  be  more 
floated  or  horizontal ;  though  I  confess  the  appellatioa 
does  not  appear  to  me  peculiarly  appropriate. 

These  strata,  consist  principally  of  sandstone,  lime- 
stone, sometimes  stinking  from  bituminous  impregna- 
tion, sometimes  shelly;  secondary  trap,  graphite  and 
bituminous  coal,  gypsum,  rock  salt. 

The  old  red  sandstmie,  limestone,  secondary  trap,  and 
newer  sandstone,  are  to  be  found  in  Adams  and  York 
counties.  The  graphite  or  anthracite  coal  Jbrmation*  in 
Pennsylvania,  extends  from  the  Delaware  at  the  head&of 
Lacawana  and  Lehigh  to  the  North  mountain,  wbose 
southern  base  I  think  it  subtends.  It  is  found  ten  nuks 
all  round  Wilkesbaire ;  it  is  found  on  the  Berwick  ton- 
pike  road ;  it  is  found  a  mile  from  the  turnpike  road  21 
miles  from  Sunbury  toward  Reading ;  it  is  found  on  the 
Susquehanna,  or  within  a  few  hundred  yards  of  it,  six 
miles  below  Sunbur)^ ;  it  is  found  at  the  iron  wc^ks  on 
the  waters  of  the  Schuylkill,  on  the  road  from  Reading  to 
Hamburghf.  This  stratum  does  not  extend  westu^aid 
beyond  the  west  branch  of  Susquehanna.  I  do  not  know 
whether  it  is  connected  or  not  with  tlie  anthracite  of 

•  Carbon  with  little  sulphur  and  no  bitumen. 

t  And  in  Mvilvautougo  8^  miles  from  Susquehanna. 
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Rhode  Island,  not  having  been  there.  But  this  last  seems 
to  border  on  primitive  formations,  under  circumstances, 
which  for  want  of  knowledge,  I  cannot  explain. 

The  bituminous  cod  formation  in  Pennsylvania,  exhi- 
Uts  its  first  trace  as  breaking  out  to  the  day,  on  the  Ju« 
niata.  I'he  bed  of  the  river  at  Chingiedamoose,  up  the* 
west  branch  of  Susquehanna,  is  bituminQps  coal.  It  ex* ' 
tends  from  thence  northward  and  westward  throughout 
the  whole  of  Pennsylvania.  How  far  it  extends  on  tho 
Monongahela,  Alleghany,  and  Ohio,  I  cannot  say.  The 
shell  lime^tone  extends  up  Su^  creek  on  the  west  side  of 
the  north  east  branch  of  Susqa.  toward  the  heads  of  tiiat 
creek,  where  it  abounds  so  much  in  shells  as  to  be  fit  for 
lime.  All  the  stones  about  the  Sheshequin  abound  in  shells. 
This  stratum  I  have  traced  downward  (south  westward) 
through  BuffiUo  to  Jacks'  mountain,  which  is  a  mass  of 
shell  lime  and  calcareous  Breccia.  How  far  it  extends  in 
both  directions  I  know  not. 

I  have  observed  that  the  Alpine  heigkts  of  the  primi- 
tive mountains  could  at  no  time  furnish  much  vegetable 
food.  The  same  remark,  but  in  a  less  degree,  will  apply 
to  the  transition  range.  The  low  and  kindly  climates  occu- 
pied by  the  secondary  series — ^the  soft  and  decomposable 
nature  of  these  depositions  would  furnish  the  true  theatre 
of  v^etable  life :  -  and  until  these  regions  %vere  filled  with 
vegetables,  the  race  of  animals  could  not  have  been  pro* 
duced ;  for  on  ^lat  could  tliey  subsist  ?  Gramenivorous 
animals  therefore  must  have  succeeded  the  various  forms 
of  vegetable  existence,  and  carnivorous  the  gramenivo- 
rous. 

The  vegetable  matter  imbedded  in  the  substance  of  the 
secondary  strata,  will  consist  of  the  remams  of  vegetables 
that  grow  on  the  transition  stnita ;  and  the  animal  remauis 
wiQ  consist  chiefly  of  such  animals  as  were  produced  in 
'^rly  stages  of  animal  existence,  p^oularly  the  smaller 
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tquatic  animals ;  and  of  these,  cluefly  shell  fish,  as  shells 
arc  iu)t  so  soon  decomposed  as  mere  animal  substance. 

Coal  and  bituminous  substances,  mil  also  occur  b  the 
latter  floetz  or  secondary  formations  only ;  for  with  me 
thereb  no  doubt  of  these  bemg  the  produce  of  submerg- 
ed vegetabksi  subjected  to  the  eflfects  of  heat  modified  by 
compression.  The  many  specimens  I  have  seen  at 
Whitdiaven  and  elsewhere  in  England,  and  some  Ame- 
rican specimens  that  I  possess  m}'self,  wherdn  there  is  an 
rodent  gradation  and  passage  firom  wood  to  coal  in  the 
same  piece,  compeb  me  to  adopt  thb  opinion.  The  pro- 
ced9  (rf*  nature  in  converting  wood  mto  coal»  I  do  not  pre- 
tend to  have  satisfied  myself  about. 

The  latest  deposits  of  what  is  considered  as  the  seoon- 
dary  series  ol  formations,  will  comprehend  basalt,  wacke, 
greystcme,  amygdaloid,  newer  limestone,  chalk  and  calk 
sinter,  obsidian,  pumice,  pitch  stone,^  (I  have  found  thb 
anoong  primiUve  rocks  at  the  mills  near  Baltimore)  cod, 
gypsum  and  rock  salt,  which  two  last  usually  keep  com- 
pany in  this  series ;  argillaceous  vton  ore,  petrifiK:tiaDS| 
8cc. 

The  remains  of  land  animals  are  nearly  confined  to  the 
newest  floetz  and  alluvial  deposits.  The  remains  of  many 
land  animals,  have  been  found,  particularly  by  Cuvicr,  of 
which  the  race  does  not  now  exist.  So  La  Mard:  has 
found  remains  of  aquatic  animals  similarly  circumslanc- 
ed.  The  same  remark  will  apply  also  to  vqfletable  remains. 

It  is  evident  that  the  newest  of  each  series  of  formatioDS 
will  touch  upon,  and  in  some  degree  intermingle  with  the 
oldest  of  the  succeeding  scries,  and  partake  in  some  de- 
gree of  tlie  mutual  characters. 

As  the  waters  gradually  decreased,  and  retired  into 
tlK'ir  Oceania  basons,  tlie  finer  kinds  of  earthy  matter 
would  subside  tlie  last :  and  those  saline  substances  that 

*  I  (loubt  about  Pitch  stone  bclong^g  to  this  series. 
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could  no  longer  find  fluid  to  hold  them  in  solution,  would 
crystallize. 

These  last  are  alluvial  deposits ;  which  also  are  suffici- 
ently general  to  merit  the  title  of  formations,  although 
varying  in  their  composition  perpetually,  as  clay,  loam, 
marie,  bog  ore,  sand,  gravel,  peat,  Sec.  and  tiieir  combi* 
nations.  These  occupy  the  lowest  leveb  and  the  bases 
of  tlie  other  rocks. 

Beside  these,  occasionally  we  meet  ^vith  vidcanic  rocks 
or  stones ;  lavas.  These  contain  debris  or  broken  firag* 
ments  of  many  deep  formations,  as  the  granite,^  mica  slate^ 
greenstone,  hornblende,  and  sandstone  found  in  ejected 
granular  or  primitive  limestone.  Hence  some  volcanic 
caverns  are  probably  situated  between  the  nucleus  and 
tlie  primitive  strata :  a  situation  which  we  arc  led  to  pre- 
sume, from  the  inclination  or  dip  of  the  oldest  formations : 
tlieir  position  would  naturally  have  been  level  and  hori- 
zontal, liad  not  some  mighty  force  raised  diem  from  their 
base.  What  effect  the  influence  of  the  moon  has  had,  in 
determining  the  circumstances  of  these  earthy  depositions 
out  of  the  immense  body  of  water  that  in  Uicir  chaotic 
state  contained  them,  no  one  now  can  fully  explain  :  that 
it  must  have  produced  oceanic  tides  then,  as  well  as  now, 
perpetually  varying,  with  the  varyhig  density  of  the  mass 
of  turbid  fluid  acted  upon,  we  can  hardly  doubt.  It  is 
evident  also  that  many  ages  must  have  passed  before  the 
surface  of  our  globe,  put  oflf  its  chaotic  state,  and  became 
fit  for  the  habitation  of  man.  The  general  system,  of 
which  I  have  presented  a  scanty  outline,  seems  pointed  out 
in  most  of  its  parts,  by  facts  and  appearances  not  to  be 
denied,  or  by  other  theories  so  well  explained :  but  as  to 
all  the  particularsj  doubts  and  uncertainties  hang  over 
them,  which  more  accurate  and  future  observations  may 
in  some  degree  serve  to  explain. 
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I  have  said  nothing  about  the  metallurgy  of  the  forma- 
tions, meaning  this  as  a  mere  introduction  to  the  follow- 
ing extract  from  Jameson,  on  the  respective  ages  (^  the 
various  metals  and  their  (Mres. 

RELATIVE    ACE    OF    MET ALS.— ^JAMESON. 

1.  Molybdena  appears  to  be  the  oldest  of  all  the  metals. 
It  occurs  imbedded,  in  six-sided  tables,  in  granite  of  the 
oldest  formation,  in  the  mountains  of  Silesia,  those  of 
Sweden,  and  it  is  said  also  in  the  primitive  granite  of 
Cniachan  in  this  coimtry.  It  also  occurs,  along  with 
tinstone,  wooUram  and  tungsten,  in  the  Saxon  and  Bbhe^ 
mian  tin  formation.  That  formation  lies  in  gramte,  wMcb 
iirom  its  characters,  appears  to  belong  to  the  newest  gra- 
nite formation.  This  metal  is  also  found  in  the  famous 
]ron*mines  of  Nonvay ;  but  we  know  so  little  of  the  geog* 
nostic  relations  of  the  roeks  in  these  districts,  that  nx 
cannot  as  yet  determine  with  any  certain  t}*  the  exact  date 
of  the  molybdena  they  contain.  In  Glenelg,  I  observed 
very  small  portions  of  it  imbedded  in  clilorite-slate.  Com- 
bined with  oxygen,  it  occurs  in  small  quantity  in  dv 
form  of  molybdat  of  lead  (yellow  lead  ore),  in  the  ddek 
floetz- limestone. 

2.  MenachmCy  the  Titanium  of  cliemists.  Tins  metal 
appears  to  be  next  in  s^  to  molybdena,  because  one  of 
its  species,  Rutile,^  occurs  in  those  drusy  cavities  wUdi 
are  not  unfrequent  in  granite  mountains  of  the  highest  an- 
tiquity, lyii^  in  or  upon  the  rock-crystal,  aduhria,  and 
fidiated  chlorite,  with  which  these  cavities  are  lined.  The 
same  species  occurs  also  imbedded  in  mica-slale  and 
sienite.  Dr.  Reuss,  the  Bohemian  mineralogist,  affirms 
Ihat  he  observed  it  in  the  newest  floetz-trap  formation,  im- 
bedded in  basalt;   andtlus  observation  is  strengdiefied 

*  Frequent  in  Virginia. 
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by  the  disowery  of  Mr.  Gregor,  who  finind  tnenachine 
to  be  a  constituent  part  of  basalt. 

We  shall  now  mention  particularly  the  age  of  the  dif« 
ferent  species  of  the  Menachine  genus. 

a.  Buttle  is  found  in  Hungary,  Switzerland,  and  Rusf> 
sia.  The  Huf]garian  varieties  are  usually  imbedded  in 
mica-slate ;  the  Russian  are  generally  accompanied  with 
or  included  in  rock-cr}'staI,  said  those  found  at  St  Go- 
thard  are  accompanied  with  rock-cryatal,  felspar,  and 
other  fossils. 

b.  Octahedrite^  another  species  of  menachine,  occurs  in 
very  old  veins  that  traver^  gneiss  and  mica-slate.  These 
veins  are  t:omposcd  of  felspar,  axinite,  iron-mica,  rock- 
crystal,  chlorite,  and  sometimes  mica.  It  has  been  hither* 
to  found  only  in  Dauphiny. 

c.  Rutilite. — The  late  Dr.  Mitchell,  in  his  excellent 
Memoir  on  Menachine,  in  the  last  volume  of  the  Irish 
Transactions,  has  the  following  account  of  the  geognos* 
tic  situation  of  rutilite :  '^  In  the  mountains  of  Passau, 
this  fossil  is  found  imbedded  in  a  coarse  granular  a^;re- 
gate  of  felspar  and  hornblende,  and  felspar  and  actynolite ; 
therefore  belonging  to  the  genus  Greenstone,  and  ordei!' 
of  Primitive  Trap.  In  Norway,  it  occurs  in  rocks  be- 
longing to  the  same  f(»:mation  in  which  the  celebrated  beds 
of  magnetic  ironstone  lie,  and  is  associated  witli  horn- 
blende, and  several  other  individuals  of  a  tribe  not  as  yet 
sufficiently  examined  and  described,  but  which  evidently 
constitute  middle  links  between  acQrnolite  and  hornblende, 
and  to  which  the  names  Acanticone  and  Arendalite  liave 
been  applied.  Near  Dresden  and  Brun,  it  is  found  dis- 
persed dirough  sienite,  and  at  Galway,  in  Ireland,  in  an 
uncommonly  beautiful  porphyritic  sienite.  Hence  it  ap- 
pears that  this  fossil  has  only  occurred  in  rocks  belong- 
ing to  primitive  trap,  or  in  sienite,  the  last  cn\staIIi2ation 

Vol.  hi.  3  G 
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which  took  place  ynlthin  the  primitive  period,  and  must 
therefore  be  considered  as  a  later  production  than  nitile. 
Here  a  con^deration  of  the  laws  of  crystallization  coun- 
tenances the  observations  on  die  order  m  winch  piinutive 
rocks  follow  one  another.  The  rutile,  consisting  cf  few 
and  simple  elements,  of  cotemporaiy  ori^  with  a  gra- 
nite, in  wluch  rock-crystal  occupies  the  place  of  quartz, 
and  adularia  that  of  common  felspar,  suffidendy  be- 
speaks a  period,  when  the  solution,  being  purer  and  more 
tranquil,  furnished  an  earlier  and  purer  crop  of  cf^'stais ; 
while  the  confused  and  irregular  crystallization  of  primi- 
tive trap  and  sienite,  together  with  the  greater  impurity  of 
the  felspar,  and  very  compounded  nature  of  the  ham- 
blende  and  rutilite,  indicate  an  inferior  purity  of  the  solu- 
tion, and  consequently  later  precipitation  of  the  crystal- 
lized mass.'* 

d.  ^igrme.^^This  species  has  been  hitherto  found  only 
at  Ohlapian  in  Transylvania,  in  alluvial  hills,  conasting 
of  yellow  sand,  intermixed  with  fragments  and  boukkrs 
of  granite,  gneiss,  and  mica*slatc,  and  from  which  gold  is 
obtained  by  washing.  This  gold  is  the  purest  found  in 
Trans}  Ivania ;  a  circumstance  sufficiently  indicating,  that 
it  belongs  to  a  different,  and  consequendy  earlier  fiorma- 
tion,  than  the  usual  Transylvanian  native  gold,  which  oc- 
curs there  in  clay-porphyry,  grey^wacke,  and  grey-vacke 
slate,  and  belongs  to  the  brass-yellow  variet}%  fiom  the 
considerable  alloy  of  silver  which  it  contains.  In  these 
stream -wcx'ks,  the  nigrine  is  obtmned  at  die  same  time 
with  the  gold,  and  comes  to  us  intermixed  with  grains 
of  rutile,  precious  garnet,  kyanite,  and  common  sand; 
which  renders  it  extremely  probable,  as  Dr.  Mitchd  re- 
marks, that  this  fossil,  also,  is  a  native  oi  primitive  mouzi« 
tains.* 

*  Vide  Mitchell,  in  Irish  Transactions. 
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e.  Iserine. — ^Hitherto  this  fossil  has  been  found  only 
in  the  high  Riesen  mountains^  which  separate  Silesia 
from  Bohemia,  near  the  origin  of  the  Iser,  dispersed 
through  the  granitic  sand  which  forms  the  bed  of  that  ri« 
ver.  To  what  order  of  rocks  it  owes  its  orig^,  is  uncer- 
tain ;  but  its  near  aflinity  to  iron-sand,  which  is  exclu- 
sively an  inmate  of  the  newest  floetz-trap  fonnation ;  and 
the  certsunty  that  this  finrmation  was  formerly  superstrati- 
fied,  at  a  great  elevation,  on  the  Riesen  mountains,  (as 
the  remains  which  form  the  Buchberg,  and  occupy  the 
Schneegruben,  sufficiently  testify,)  renders  it  highly  jxo- 
bable,  that  tlus  fossil  also  may  belong  to  that  formation ; 
and  consequently  dates  its  origin  from  a  much  more  re* 
cent  period  than  the  fbregobg  species  of  this  genus.* 

3.  Tin. — Thb  metal  appears  to  be  next  in  age  to 
menachine.  Jt  is  sometimes  of  neaily  cotcmporaneous 
origin  with  old  primitive  rocks.  Thus  it  occurs  in  very 
old  veins,  that  traverse  granite,  gneiss,  mica«slate,  apd 
clay-slate.  These  veins  contain,  besides  tin-stonie,  also 
wolfram,  tungsten,  molybdena,  iron-glance,  arsenic- py- 
rites, copper-pyrites,  topaz,  quartz,  mica,  chlorite,  apatite, 
fluorspar,  steatite,  and  lithomarge.  The  veins  that  traverse 
clay-^te  are  accompanied  with  schorl,  and  appear  to  be- 
long to  a  diflbrent  formation  from  those  veins  that  occur 
in  mica-slate,  gneiss,  or  granite. 

It  occurs  abo  disseminated  through  granite,  and  in  beds 
tliat  alternate  with  strata  oTgranite.  This  granite,  how- 
ever, appears  to  belong  to  the  newest  formation. 

4.  iv^^.-^The  two  ores  of  this  metal,  viz.  WoU 
fram  and  Tungsten,  are  of  equal  antiquity  with  tin.  fFol- 
/ram  occurs  almost  always  in  veins  in  primitive  moun- 
tains, along  with  tin- stone;  and  sometimes,  although 
rarely,  in  veins  in  transition  mountains.    It  appears  in  all 

*  Mitchell,  Irish  Transactions. 
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the  tin-stone  formations,  excqpting  that  which  contains 
schorl.  In  these  situations;  it  is  found  in  England,  Sax- 
ony, Bohemia,  and  probably  also  France.  In  the  Hartz, 
it  occurs  without  tin-stone,  in  great  veins,  that  traverse 
grey-wacke ;  constituting,  however,  but  a  small  portion 
of  these  veins.  It  never  occurs  in  newer  rocks ;  and  die 
instance  we  have  just  mentioned,  of  it  occurring  in  grey- 
wacke,  is  only  an  exception  to  the  rule,  that  wolfram  is  a 
very  old  formation  of  the  primitive  period. 

Tun^stmy  the  other  cxt  of  scheele,  occurs  cxily  in  pri- 
mitive mountaihs,  and  in  difierent  tin  formations.  This 
is  the  case  at  least  in  Saxoi^,  where  it  is  found  in  most 
considerable  quantity.  The  geognostic  situation  of  that 
found  in  Sweden  is  unknown.  Like  wolfram,  it  does 
not  occur  in  that  particular  tin  formation  which  is  accom- 
paiued  with  schorl. 

5.  Cerium. — ^This  metal  occurs  imbedded  in  wolfinm ; 
hence  is  of  equal  antiquity. 

6.  Tlm^d/^m.-^— This  appears  also  to  be  a  very  old  ro^ 
tal.  It  is  nearly  allied  to  tin.  Its  geognostic  situation 
has  not  hitherto  been  ascertained  with  perfect  accuracy. 
It  would  appear  to  occur  in  felspar- veins  that  traverse  dd 
mica-slate ;  hence  it  is  to  be  considered  as  of  cotempora- 
neous  formation  with  it.  One  species,  the  Tantalite,  oc- 
curs in  the  parish  of  Kimito  in  Finland ;  the  other,  the 
Ytterlantalite,  at  Ytterby  in  Sweden.  We  may  renKok, 
however,  that  the  geognostic  situation  of  the  Yttertanta- 
lite  is  not  well  known;  the  geognostic  situation  just 
mentioned  is  that  of  the  tantalite. 

7.  Uran. — This  metal  occurs  only  in  primitive  moun- 
tains. Pitch-ore,  uran-ochre  and  uran-mica,  occur  to- 
gether in  veins  of  a  pretty  old  formation  that  traverse 
gneiss ;  but  uran-mica  occurs  principally  in  ironstone- 
veins  that  traverse  granite  and  other  primitive  rocks.. 
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8.  Chrome. — ^Ncedlc-ore  and   chietne-ochre  are  the 
only  ores  of  this  metal  hitherto  described.     These  occur 
imbedded  in  common  quartz,  accompanied  with  lead- 
glance,  different  ores  of  copper,  and  traces  of  native  gold, 
all  intimately  aggr^ted  together.    Hence  it  is  probable, 
that  these  ores  occur  in  a  bed  in  primitive  rocks.  Chrome, 
however,  colours  several  fossils,  whose  relative  age  is  bet* 
ter  knouTi.     Thus  it  gives  the  beautiful  green  colour  to 
the  emerald  of  Peru,  wliich  occurs  in  clay-slate ;  the 
deep  blood-red  colour  to  the  pyrope,  an  inmate  of  the  se- 
cond serpentine  formation,  and  wacke ;  the  beautiful  se- 
ries of  red  colours  to  the  (Hiental  ruby,  which  is  conjec- 
tured to  occur  in  the  new^  floctz-trap formation,  and  pro- 
bably in  certain  primitive  rocks ;  the  aurora-red  colour 
to  the  red-lead  of  Siberia,  whose  geognostic  situation, 
however,  is  but  imperfecdy  known ;  and,  kstiy,  the  green 
colour  t')  serpentine,  and  the  red  colour  to  spinelle.^ 

9.  Bismuth. — Tlus  metal  occurs  in  veins  that  traverse 
gneiss  and  mica-slate,  and  is  accompanied  mtfa  cobalt  and 
culver  ort^,. 

10.  a.  Native  arseniCj-'^occuTs  almost  always  in  pri- 
miiwe  mountains,  and  most  frequently  in  veins,  excej)t- 
ing  a  small  portion  that  appears  in  beds  in  the  Bannat  of^ 
Temcswar. 

6.  Arsenic  puj^Sj — ^which  is  a  combination  of  arsenic, 
iro\i  and  sulpmiPRciirs  in  beds  in  mica-slate  at  Reichen- 
stein  in  Silesia ;  and  in  a  similar  repository  in  the  newer 
granite  of  Zinnwald.  It  occurs  also  in  veins  tiiat  traverse 
gneiss  ;  as  in  the  vicinity  of  Freyberg,  in  the  electorate 
of  Saxony,  where  it  b  highly  characteristic  for  certain 
metalliferous  formations ;  in  veins  that  traverse  clay-slate, 
as  in  the  Saxon  Erzgebirge,  and  iu  veins  that  traverse 

*  This  metal,  witli  iron,  manganese,  and  nickel,  occurs  in  aero- 
lites, those  stones  that  fall  periodically,  and  in  the  direction  of  the 
magnetic  meridian,  from  the  atmosphere. 

Chrome  combined  with  iron  occurs  in  the  steatite  oC  \.Vv<&  VvLvd\r 
ty  of  Philadeiphia  and  Baltimore.  *\ .  ^.. 


433  Oeobgy. 

grejr-wacke  in  the  Hartz.    It  is  even  sometimes  desemi. 
nated  through  the  newer  porphyry  and  serpentine. 

€•  Yellow  orpiment — seems  to  occur  only  in  flietz* 
rocks;  whereas  r^  oij^tWraf  appears  to  be  confined  prin- 
cipally to  primitive  rocks. 

d.  Pharmact^ey  or  arsenic-bloom,  (Arseniate  of  Lime 
of  chemists,)  occurs  in  veins  that  traverse  granite  in  Fur* 
stenberg ;  gneiss  and  mica-slate  in  Saxony,  and  grgr- 
wacke  in  other  countries.  In  Hungary,  it  occurs  akng 
with  ydiow  orpiment ;  hence  it  b  there  probably  of  new- 
er fisrmation. 

11.  Cobalt. — CobaU-glance  is  the  eldest  q^iecics  of 
cobalt-ore.  It  occurs,  in  beds,  in  mica-slate,  and  docs 
not  appear  in  any  of  the  ne^ver  rocks. 

b.  Grey  Cobalt-ore  occurs  in  veins  that  traverse  gn- 
nite,  gneiss,  and  clay -slate. 

c.  White  CobaU-ore  occurs  more  fi^uently  than  any 
other  species  of  the  cobaltiafnily,  and  also  in  a  greater  va- 
riety of  ge<^ostic  relations.  It  occurs  in  beds  and  vans; 
of  the  latter,  two  formations  are  known ;  one  that  ocam 
in  primitive,  the  other  in  flcetz  mountains.  It  occurs  abo 
in  considerable  quantity  in  transition-mountains.  The 
veins  in  primitive  mountains,  traverse  granite,  gneiss^ 
Auca-slate,  and  clay-slate.  The  newer  formation  occur 
in  veins,  that  traverse  die  oldest  floetz-limestone. 

12.  JVVr^^^--*This  metal  occurs  hflHj^  prinudveand 
floetz  mountams,  and  also  in  small  pcxtions  in  transidon- 
mountains.  In  primitive  mountains,  it  is  accompanied 
with  silver-ores ;  in  transition- mountains,,  with  lead-ores ; 
and  in  floetz-mountains,  with  copper-ores.  In  all  these 
classes  of  rocks,  it  occurs  in  veins. 

13.  Silver. — This  mct*il  occurs  in  primitive,  transi- 
tion, and  floetz-mountnins ;  l)ut  it  would  appear,  that  the 
greatest  variety  and  quantity  of  native  silver,  and  true 
ores  of  silver,  occurs  in  primitive  mountains.     We  shall, 
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\    as  illustnttive  of  the  age  of  this  important  metal,  QicntiQa 
that  of  native  silver,  and  several  of  the  most  important 


a.  Native  Silver. — It  occurs,  with  the  exception  of 
slight  traces  in  the  well-known  corn-cars  of  Hessia,  in 
flcEtz-mountains,  always  in  veins  that  traverse  primidvc 
and  tran^tion  mountains.  It  appears  in  veins  that  tra- 
verse  granite  in  Suabia,  and  sometimes  in  Saxonjr ;  in 
vdns  that  traverse  gneiss  and  mica-slate  in  Saxony,  Bo- 
hemia, and  Norway ;  in  veins  that  traverse  clay-date  in 
Saxony  and  Bohemia ;  and,  lastly,  in  veins  that  traverao 
poq>h}rry  and  sienite,  in  Saxony  and  Hungary.  The  i^ 
of  the  rock,  however,  does  not  always  correspond  tottuit 
of  the  venigenous  formation ;  thus,  the  veins  in  the  gnu 
nite  of  Furstenberg  are  newer  than  those  in  some  of  tbe 
varieties  of  Saxon  gneiss.  It  occurs  in  very  inccx^aden* 
Ue  quanti^  in  transition-mountains. 

L  AnHmonial  Siher. — It  occurs  only  in  veins.  In 
Wirtemberg,  tliese  veins  traverse  granite,  and  in  Ae 
Hartz,  grey-wacke ;  nevertheless,  these  formations  do  not 
differ  much  from  each  other. 

c.  Corneous  Siher-orcj  Muriat  of  Silver  of  chemists. 
This  remarkable  ore  of  silver  occurs  always  in  silver 
veins,  but  only  in  their  upper  part,  and  in  such  a  position 
in  r^;ard  to  its  accompanying  minerals  as  shews  that  it 
is  always  the  newest  fossil  of  the  vein  in  which  it  qipcarL 
These  veins  traverse  granite,  gneiss,  mica-slate,  and  day- 
slate.*  It  occurs  only,  in  quality,  in  Mexico  and  Peru : 
'small  portions  have  been  ol)served  in  Saxony,  Comwalli 
Siberia,  and  other  countries.^ 

*  It  Is  said  to  occur  in  floetz-limestone  in  Peru* 

t  This  ore  particularly  the  conchoidal  subspecies,  has  aniqr  fl^r 
glassy  aspect,  and  hence  was  denominated  Vitreous  or  Glassy  SiU 
v^r-ore  by  older  mineralogists.    The  vitreous  «iJTfr-ore  ^JK{K 
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d»  SUver-glance. — This  is  one  of  the  most  conu&on 
and  abundant  of  the  silver-ores,  and  there  are  but  few  sil- 
ver formations  in  which  it  does  not  occur  in  greater  or 
kss  quantity.  It  occurs  however,  only  in  ptimidve 
mountains,  and  always  in  veins  that  pnncipaUy  traverse 
gneiss,  mica-slate,  and  clay-slate,  more  seldom  poq^hjir, 
and  still  more  rarely  granite. 

e.  Red  SUver-ore. — This  beautiful  ore  occurs  in  vans 
that  traverse  gneiss,  porph)Ty,  and  grey  -wacke. 

fi  JVJiite  Siher-ore* — It  occurs  in  veins  that  traverse 
gneiss,  and  it  continues  to  the  greatest  depths  in  these 
veins. 

g.  Black  Siher-ore. — It  occurs  in  veins  that  traverse 
gneiss,  jjorphyr} ,  sieiiite,  and  grey- wacke. 

Qeneral  Remarks. — The  ores  of  ^ver  are  in  general 
accompanied  witli  calcspar  and  heavy-spar;  and  fiom 
the  preceding  details,  appear  to  occur  piincipally  in  veins 
that  traverse  primitive  and  transition  mountains.  The 
greatest  pcxtion  of  the  silver  of  commerce,  however,  is  ob- 
tained fix)m  argentiferous  lead-glance,  an  ore  that  occurs 
more  abundantly  in  the  floetz  than  the  primitive  moun- 
tmns  i  hence  it  is  somewhat  doubtful,  whether  crnot  sil- 
ver may  not  be  considered  as  a  newer  metal  than  its  ores 
seem  to  intimate. 

14.  Copper. — This  metal  is  more  widely  distributed, 
and  occurs  in  a  greater  variety  of  formations,  than  any  of 
the  preceding.  Thus,  it  occurs  in  smaU  quantities  m  a 
native  state,  dissenunated  through  the  granite  of  Corn- 
wall. The  granite  of  that  country,  however  aiq)eara  to* 
me,  firom  the  observations  of  Professor  Playfair,  to  bdoi^ 
to  the  newest  formation ;  hence  this  native  copper  cannot 

wan  and  others,  is  silver-glancey— a  mineral  that  does  not  possess  the 
glassy  aspect  which  so  remarkably  characteriiKe«  ihe  conchoidai 
corneous  silyer-ote. 
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be  coflhsidered  as  reaching  to  the  oldest  rock  of  the  primi- 
tive class.  The  great  quantities  of  native  copper  found 
in  the  mines  on  the  eastern  side  of  the  Uralian  mountains, 
and  the  masses  in  Brazil  and  Canada,  originated  from 
mica- slate,  or  more  particularly  from  granular  Umestone 
that  occurs  in  mica-slate ;  hence,  if  my  conjcctiu^  re- 
specting the  granite  of  Cornwall  be  cgrrect,  these  masses 
are  of  an  older  formation  than  the  copper  found  in  that 
granite.  It  occurs  also  in  veins  that  traverse  gneiss,  mi- 
ca-slate, clay -slate,  and  grey-\vacke ;  and  small  portions 
have  been  noticed  in  serpentine-porphyry,  and  rocks  be- 
longing  to  the  newest  floetz-trap  formation. 

a.  Variegated  Copper-ore^  which  is  copper  combined 
with  sulphur  and  oxygen,  occurs,  in  beds,  in  mica-sl)te 
at  Rudolstadt  in  Silesia,  Dognatska  and  Saska  in  the  Ban- 
nat  of  Temeswar,  and  Roraas  in  Norway.  It  has  also 
been  observed  in  veins  traversing  gneiss,  mica-slate,  grey- 
V^acke,  and  bituminous  marl-slate. 

b.  Copper-Pyrltes.—lt  occurs  in  all  the  great  classes 
of  rocks,  and  sometimes  in  veins,  sometimes  in  beds ; 
which  latter  are  often  of  great  thickness.  The  oldest 
formation  of  copper- pyrites,  and  indeed  of  copper  in  ge- 
jieral,  is  that  which  occurs  in  beds  in  gneiss.  It  occurs 
also  in  beds  in  mica-slate,  clay-slate,  transition-rocks,  and 
the  oldest  flcetz-Umestone.  Very  small  portions  of  this 
ore  appear  in  still  newer  formations :  it  occurs  also  in 
veins  in  primitive,  transition,  and  old  floetz-rocks,  but  is 
far  more  abundant  in  primitive  than  any  of  the  other  clas- 
ses of  rocks.  As  it  is  the  principal  ore  of  copper,  it  fol- 
lows, that  what  we  have  stated  respecting  its  age,  is  per- 
fectly expressive  of  the  age  of  copper  in  general- 

15.  Gold. — Gobl-r/ellaw  native  gold  occurs  in  masses, 

or  in  the  form  of  sand,  in  the  beds  of  many  rivers.     It 

would  appeal',  that  this  alluvial  gold  is  not  derived  from 

beds  or  vchis,  but  from  rocks  tliroiu^h  \vhich  it  hiis  been 

Vol.  IIT.  3H 
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disseminated.  We  have  no  certain  information  respecdng 
the  geognostic  situation  of  the  Peruvian  gold  ;  but  we 
have  much  to  expect  from  Humboldt  on  this  curious 
and  important  subject.  The  age  and  geognostic  rela- 
tions of  the  gold-sand  of  Guinea  and  Brazil  are  equally 
unknown.  If  the  views  published  by  the  Portuguese 
mineralogist  Dan  dr  ad  a  be  correct,  it  is  probable,  says 
Karsten,  that  the  gold  of  Brazil  will  be  found  to  occur 
in  a  sandstone  somewhat  older  than  the  independent  coot 
formations.^ 

Brass-ycUatv  native  gold  is  ccmfincd  to  the  newer  por- 
phyry and  grey- wacke,  where  it  occurs  in  veins,  as  in  the 
case  in  Hungary  and  Transilvanla.  It  is  said  also  to 
occur  in  sandstone  and  bituminous  wood.  Veins  of  gold 
also  occur  in  the  Uralian  mountains ;  and  these  aj^xar 
to  occur  in  old  floetz-limestone. 

16.  Sylvan^  Tellurium  of  chemists. — This  metal  oo 
curs  along  with  brass-yellow  native  gold  in  the  newer 
porphyry,  and  has  been  hitherto  found  only  in  Transil- 
vania. 

17.  Antimony. — This  metal  is  found  in  all  the  Huo* 
garian  and  Transilvanian  gold  mines,  and  hence  it  oc- 
curs in  newer  porphyry  and  grey-wacke.  1  he  oldest 
formation  occurs  in  beds  with  iron-pyrites  and  quartz  at 
Schmoluitz  in  Hungary,  and  appears  to  be  cotemporane- 
ous  with  that  found  with  green  garnets  in  Nonvay.  It 
occurs  in  veins  that  traverse  grey-wacke  in  the  county  of 
Dumfries. 

18.  Manganese. — This  metal  occurs  in  veins  in  old 
primitive  rocks,  but  most  abundandy  in  numerous  small 
veins  that  traverse  the  newer  porphyry,  and  in  veins  that 
traverse  grey-wacke.  According  to  the  late  obsen'a- 
tions  of  Karsten,  it  occurs,  along  witii  beds  of  ironstone, 

*  Gold-yellow  native  gold  has  been  found  in  veins  along  with 
quartz  and  iron-pyrites,  but  the  age  of  tliese  veins  is  not  known. 
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in  the  period  of  the  first  floetz-limestone.     It  probably  al- 
so  occurs  in  formations  of  a  later  date. 

19.  Lead. — This  metal  occurs  in  the  state  of  lead- 
glance,  in  beds,  in  primitive  mountains  in  the  Bannat  of 
Temeswar,  but  the  quantity  is  so  inconsiderable  as  not  to  ^\ 
entitle  us  to  infer  from  this  the  high  antiquity  of  lead.  5/* 
The  beautiful  cr}'stallizations  of  white,  green,  yellow,  and  V** 
red  lead-ores,  are  also  insufficient  for  enabling  us  to  ascer- 
tain this  important  point.  It  is  kad-glance,  the  combi<* 
nation  of  lead  and  sulphur,  that  affords  the  clew  for  de- 
termining the  age  of  lead.  That  ore  as  we  have  already 
mentioned,  occurs  in  inconsiderable  beds  in  the  primi- 
tive mountains  in  the  Bannat  of  Temeswar ;  in  more  con- 
siderable beds  in  the  transition  mountains  of  the  Hartz  ; 
but  the  greatest  accumulation  api^ears  to  be  in  beds  in  the 
oldest  floeiz-limestone.  Thus,  the  extensive  mines  of 
Tamowitz,  between  the  Oder  and  the  Vistula,  in  Upper 
Silesia,  contain  great  beds  of  lead-glance  in  the  oldest 
floetz-limestone.  In  Carinthia  there  is  another  great  de- 
position of  the  same  kind;  and  at  Zimapan,  in  New 
Spain,  great  beds  of  lead-glance  also  occur  in  the  same 
limestone  formation. 

20.  Zinc. — This  metal  almost  invariably  accompa- 
nies lead,  and  either  in  the  form  of  blende  or  calambe. 
The  lead-glance  veins  in  primitive  and  transition  moun- 
tains are  always  accompanied  with  blende ;  but  the  great- 
est quantity  of  this  metal  occurs  in  the  state  of  Calamine, 
in  great  beds  in  the  second  floetz-limestone,  where  it  is  also 
accompanied  with  lead-glance.*  These  beds  of  calamine 
occur  in  England,  and  extend  through  a  considerable 
portion  of  Poland,  Silesia,  Westphalia,  and  the  Nether- 
lands. 

•  It  has  not  been  satisfactorily  ascertained,  whether  these  beds 
occur  in  the  first  or  second  floetz-limestone. 
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21.  Mercury. ^^liliis  metal,  in  the  form  oF  ciiuiaboit, 
occurs  in  beds  and  veins  in  primitive  mountains,  but  in 
inconsiderable  quantity ;  it  is  in  the  floetz  or  newer  rocks 
that  it  appears  in  abundance.  In  primitive  mountains 
the  beds  lie  in  chlorite-slate,  and  the  veins  traverse  iDcks 
of  the  same  kind :  In  flo&tz-rocks  the  beds  are  accompa- 
nied with  slate*  clay  and  sandstone,  and  probably  bekng 
to  the  coal  formation.  The  great  mercury  mines  of  Idria, 
that  yield  yearly  upwards  of  sixty  tons  of  mcrcuiy,  arc 
dtuated  in  this  newer  formation. 

We  have  still  two  metals  to  consider,  viz.  Iron  and 
Platina. 

22.  Iron. — It  is  the  most  universally  distributed  of  all 
the  metals.  It  forms  a  constituent  part  of  the  eldest  gra^ 
nite.  The  Kasaniir  in  Siberia,  and  the  magnetic  rocks 
near  Dannemora  in  Sweden,  prove  that  iron  exists  in  great 
quantities  even  in  the  older  primitive  rocks.  Combined 
witli  sulphur,  as  iron-pyrites^  it  occurs,  in  great  beds,  in 
gneiss,  mica-slate,  and  hornblende-slate.  Other  iron-ota 
occur  abundantly  in  transition  rocks.  The  floetz-nxd^s 
are  also  very  abundant  in  iron  :  thus,  the  first  or  oldest 
flcetz-limestone  contains  great  depositions  of  brown  iron* 
stone,  as  is  the  case  at  Sommo  Rostro  in  Biscay,  Hutten- 
bo^  in  Carinthia,  and  Tarnowitz  in  Upper  Silesia.  The 
same  formation  also  includes  a  vast  mass  of  spany  iron- 
stone in  Stiria,  which  has  been  worked  to  an  immense  ex- 
tent, and  with  great  profit,  for  1200  years.  The  inde- 
pendent coal  formation,  which  is  supposed  to  be  newer 
than  floetz-limestone,  contains  great  accumulations  of 
clay-ironstone.  Clay-ironstone,  and  iron-sand,  occur  in 
the  newest  floetz-trap  formation  ;  and,  lastiy,  great  depo- 
sitions of  bog  iron- ore  appear  in  the  newest  of  all  the 
classes  of  rocks,  the  Alluvial. 

23.  Platina. — This  metal  occurs  only  in  grains  along 
with  gold  and  iron-sand,  in  \lie alluvial  soil  of  the  valleys 
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in  South  America.  Humboldt  found  a  mass  of  platina, 
the  size  of  a  picjeon's  egg,  in  the  alhivial  soil  of  the 
valley  of  Choco  in  South  America,  along  with  rolled 
pieces  of  porphyry-slate.* 

The  preceding  details  teach  us, 

1st,  That  metals  differ  very  much  as  to  the  period  of 

their  formation. 

2d,  That  the  variety  and  quantity  of  metalliferous  sub- 
stances decrease  in  general  from  the  primitive  to  the  allu- 
vial period  of  the  earth's  formation. 

3d,  That  molybdcna,  mcnachinc,  tin,  schetle,  cerium, 
tantalum,  uran,  chrome,  and  bismuth,  are  metals  of  the 
oldest  primitive  formation,  and  that  only  feeble  traces  of 
them  are  to  be  ob served  in  new  cr  periods. 

4th,  That  although  arsenic,  cobalt,  nickel,  silver,  and 
copper,  occur  in  old  primitive  mountains,  they  also  ex- 
tend to  newer  mountains. 

5th,  That  gold,  sylvan,  antimony,  and  manganese,  are 
metals  of  the  middle  age,  occurring  in  the  newer  primi- 
tive, the  transition,  and  the  oldest  floetz-ro<^s. 

6th,  That  lead,  zinc,  and  mercury.,  are  of  a  very  late 
date,  when  compared  with  those  metals  we  have  already 
mentioned,  because  they  occur  in  greatest  quantity  in  the 
newer  or  floetz  formations. 

7th,  That  iron  is  found  in  every  rock,  from  the  oldest 
granite  to  the  newest  alluvial  deposit ;  hence  is  universal 
ly  distributed,  and  is  therefore  a  production  of  every  pe- 
riod. 

8th,  That  the  more  crystalline  ores  abound  in  the  pri- 
mitive mountains,  but  continue  decreasing  in  quantity 

•  Vauquelin  has  lately  discovered  it  in  the  silver-ores  of 
Gaudalcanal  in  Spain.  It  is  said  a)so  to  have  been  found  at 
Niznei  Novogorod,  six  hundred  German  miles  N.  W.  of  Pe- 
tersburgh.  The  truth  of  this  report  has  been  lately  called  in  ques- 
tion. 
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and  variety  from  the  primitive  rocks  to  the  newest  allu- 
vial deposits.  [3  Jameson* s  Min.  256—276. 

Remarks  by  the  Editor. 

This  account  of  the  age  of  the  various  metals,  I  have 
inserted  from  a  persuasion  of  its  practical  utility  :  as  lead- 
ing us  to  the  strata  or  formations,  wherein,  according  to 
the  best  observations,  we  may  reasonably  expect  to  find 
the  kind  of  ore  we  arc  in  search  of.  Hence  the  great  im- 
portance of  mineralogical  as  well  as  chemical  knowledge, 
to  assist  in  developing  and  employing  the  resources  of  a 
countr}"  that  are  as  yet  concealed  in  the  bowels  of  the 
earth.  The  very  foundation  of  British  science  and  Bri- 
tish power,  is  stone-coal  and  iron :  nor  is  there  a  manu- 
facturer of  any  embicnce  who  lias  not  received  a  chemi- 
cal and  many  of  them  a  mineralogical  education.  To  be 
sure,  this  is  a  foshion  of  late  years ;  that  is  within  twcn^; 
but  does  not  the  prodigious  improvement,  and  over- 
whelming power  of  that  country  date  its  growth  from  die 
same  period  ? 

L»:t  us  consider  for  a  moment  the  difference  bctH-een 
two  countries,  the  one  of  which  manufactures,  the  other 
only  purchases  a  piece  of  printed  calico.  The  one  a  na- 
tion of  shopkeepers  and  farmers — ^tiie  other  suppl>'ing 
from  the  stores  of  its  own  science  and  resources,  the  com- 
modities that  the  other  stands  in  need  of.  The  shopkeep- 
er needs  nothing  but  his  shelves  and  his  counter ;  the 
f;\rmer  can  manage  all  his  concerns  with  the  simple  aid  of 
a  blacksmith  and  a  wheelwright.  Shew  to  these  persons 
a  piece  of  calico  of  three  reds,  chocolate,  black,  yellow, 
olive,  green,  and  blue ;  they  will  stare  at  it,  as  a  jxetty 
thing,  but  merely  as  an  article  of  sale,  that  will  bear  a 
certain  profit  to  the  importing  merchant  and  retailing 
storekeeper,  whose  knowledge  need  not  extend  bey<Mid 
the  bu}'iiig  and  the  selling  of  the  article  in  question. 


Geology.  4 1 1 

Shew  tliis  to  a  chemist,  and  he  will  see  at  once  that  ac- 
cording to  the  modem  system  of  maimfactures,  to  pro- 
duce  tnis  s;imple,  there  is  required 

1st,  I  he  knowledge  necessary  to  erect  a  steam  engine, 
with  all  the  acquirements  previously  necessary. 

2dly,  The  mechanical  knowledge  necessary  to  erect  * 
and  put  in  order  tlie  complicated  machinery  for  carding, 
roving,  spinning,  and  twisting  cotton. 

3dly,  The  knowledge  necessary  to  the  weaving  of  it 
into  cloth,  which  under  the  patent  of  the  Rev.  Mr.  Cart- 
ivright  is  in  England  now  performed  by  the  power  of  wa- 
ter or  of  steam ;  and  in  the  course  of  a  twelve  month  will 
be  so  performed  in  this  country.  I  hear  it  has  been  done 
in  Boston,  and  I  saw  it  done  with  additional  improve- 
ments by  Mr.  Siddal's  loom  about  six  miles  from  Phila- 
delphia on  the  York  road. 

4thly,  The  chemical  knowledge  necessary  to  bkach 
the  goods  to  a  marketable  whiteness.  Including  the  know- 
ledge of  alkalies,  the  method  of  making  and  employing 
oil  of  vitriol,  to  wliich  lead  works  and  glass  works  are  ne- 
cessary :  and  the  mediod  of  making  and  employing,  the 
oxymuriatic  acid  and  its  alkaline  and  earthy  combina- 
tions. 

5thly ,  Tl>e  knowledge  necessary  to  tlic  macliinery  of  a 
print  shop  and  its  attendant  branches :  as 

a.  The  pattern  drawer,  to  whom  is  paid  from  a  guinea 
to  a  guinea  and  a  half  a  w  eek,  and  whose  sole  employ- 
ment is  the  inventing  and  the  drawing  of  patterns  on  pa- 
per. This  introduces  the  trade  of  colour-making ;  itself 
implying  no  slight  degree  of  chemical  knowledge  and  ex- 
perience. 

b.  The  block  cutter;  and  finisher  who  fixes  the  hat 
or  felting  on  the  block  when  cut. 

c.  The  fabricator  of  copi)er  plates^  and  of  turned  cop- 
per  roUers. 
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d.  The  engraver  of  copper-plate  patterns^ 

e.  The  weaver  of  the  cloths  for  the  printing  table>  zsA 
the  roller- work, 

Jl  The  knowledge  necessaiy  under  what  circumstances  j 
to  use  the  adhesive  mixtures  of  the  printer ;  when  to  em- 
ploy, gum  arabic,  gum  Senegal,  or  gum  tragacanth; 
when  to  employ  raw  or  parched  flour ;  wlien  to  substi- 
tute gypsum,  &c.  implying  considerable  cliemical  know- 
ledge. 

g.  The  colour  man,  Mho  mixes  the  colours  and  makes 
the  mordants,  whose  business  cannot  be  well  or  cconomi- 
cally  conducted,  witliout  considerable  chemical  know- 
ledge.    It  is  his  business  to  know  how  to  make  each 
mordant  proper  to  fi>:  the  colour  of  each  colouring  drug; 
in  what  proportion  the  mordant  and  the  drug  must  be 
used  to  give  the  required  colour,  when  tlic  piece  comes 
out  of  the  dye-copper.     What  drugs  from  various  quar- 
ters of  die  world,  yield  not  only  the  required  colour,  but 
at  the  cheapest  rate  and  of  the  required  tinge.     Li  what 
order  and  succession  the  colours  are  to  be  printed  on  tbe 
cloth.  What  patterns  will  bear  colours  pruitcd  on  at  once 
without  dying,  and  what  requires  to  be  dyed  after  print- 
ing.    How  many  colours  can  be  raised  by  one  and  tbe 
same  immersion  in  the  dye  copper.     \Vhat  colouns  and 
patterns  require  to  be  printed,  dyed,  penciled  or  discharg- 
ed, to  produce  the  work  requux^  in  tlie  market.  Mtbis 
and  much  more  is  necessary  to  be  known  in  tbe  colour 
shop  of  the  printing  establishment. 

h.  When  to  this  we  add  the  knowledge  requisite  to 
erect  and  mani^  in  the  best  manner,  the  water  works, 
dash  wheels,  stoves,  calenders,  presses,  &€•  of  such  an 
establishment,  there  can  hardly  remain  a  doubt  but  much 
knowledge  must  exist  where  these  establishments  arc 
common,  more  than  where  they  are  unknown.  But  it  is 
not  the  knowledge  required  or  displayed  in  each  particu- 
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lar  work,  that  is  of  so  much  importancey  as  that  the  means 
of  knowledge,  and  the  theory  of  all  these  processes,  must 
be  of  easy  access,  and  generally  diffused  throughout  the 
country,  where  it  is  in  constant  demand. 

This  is  only  one,  and  of  one  branch  among  the  almost 
innumerable  manufactures  of  Great  Britain  ar>d  the  other 
European  nations.  Is  it  possible  to  doubt,  but  what  they 
must  have  more  knowledge  upon  the  whole  than  we  have, 
whose  concerns  need  it  not  ?  Is  it  not  evident  that  there 
is  and  must  be  among  these  people,  more  general  energy 
in  the  various  classes  of  society,  and  more  accumulation 
of  real  power  tlian  among  us  ?  For  knowledge  is  power* 
All  these  objects  of  exertion  by  means  of  which  Great 
Britain  lays  the  world  tributary  at  lier  feet,  furnish  her 
with  wealth — and  furnish  her  with  men  too  in  time  of 
need :  men  for  defence,  and  men  for  offence.  It  is  ma- 
nufacturing machinery  tliat  furnishes  men  who  can  be 
spared  when  they  are  wanted — it  is  manu&cturc  that 
cloaths,  ay  and  manufacture  that  feeds  them :  for  die 
general  energy,  and  aim  at  improvement  in  manufacturesi 
extends  to  and  influences  every  other  branch  of  industry : 
hence  the  English  are  the  best  farmers  in  Europe,  \it^* 
cisely  becau3e  tliey  are  the  best  manufacturers  in  Eu- 
rope. 

And  yet  some  years  ago,  in  the  Legislature  of  the 
United  States,  it  was  gravely  asserted,  debated,  and  voted^ 
by  men  who  were  tlie  advocates  of  our  dependence  on 
Great  Britain  for  the  manufactured  nece^^saries  of  life,  that 
we  were  the  most  enlightened  nation  on  the  face  of  the 
earth  !  and  this  circumstance  too,  this  vote,  was  one  of 
the  proofs  of  the  assertion  !  and  the  silly  dcclaimcrs  who 
advanced  this  modest  position,  deemed  themselves  no 
doubt  among  the  wisest  of  tlie  wise !  In  manufacturing 
speeches — in  debating  for  days  wliat  might  be  decided  in 
Tninutes,  we  do  exf^rf. 
Vol.  III.  3  I 
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I  do  sincer^  inah  Aat  the  people  would  once 
to  imagine,  tliat  legislators  who  talk  the  longest  are  not 
theKfim  the  wisest;  and  that  there  may  be  acune  truth  in 
the  old  proverb,  that  empty  vessels  sound  the  most  In 
ouf  debates  it  must  be  confessed  that  if  our  knowledge  be 
not  very  profound,  it  is  in  our  owii  language,  very 
lenigthy.  In  natural  talent,  in  force  of  body  and  vigour 
of  mind,  we  are  infoior  to  no  nation  that  I  am  acquaint- 
ed with :  but  I  think  that  even  while  I  am  writing  (Sq>- 
tember  1814)  [nxx>f  is  afforded,  that  we  should  be  gready 
improved  by  Europ^n  culuvation  and  European  disdp- 
Une ;  for  these  have  made  beings  our  superiors*  who  in 
every  natural  endowment  of  mind  and  body  are  scarce- 
ly our  equals. 

In  the  outline  I  have  given  of  Werner's  theory  of  the 
earth  with  a  few  additional  ideas  of  my  own,  it  must  be 
obvious,  that  it  does  not  account  for  metallic  strata  or 
veins  of  late  fcurmations.  N(»:  will  the  Nq>tuniui  hypo- 
thesis of  watery  crystallization  answer  the  purpose  as  I 
think  :  nor  can  I  adopt  the  Plutonian  dieory  (^  Hutton 
and  Playfitir,  who  suppose  the  veins  of  metallic  substance 
to  have  been  filled  by  injection  from  below.  To  me  it 
seems  that  we  want  light  on  tlie  subject,  and  must  await 
till  more  facts  be  recorded  and  compared.  T.  C. 


IRON. 

Preliminary  Essay  u/ian  the  theory  of  Assaying  as  appRed  to  the 

ores  qf  moN, 

In  the  wide  and  important  range  of  chemical  investigation,  few 
subjects  present  themselves  to  our  notice  which  have  so  extensive 
a  relation  to  the  wants  and  comforts  of  life  as  Uie  various  manu&c- 
tures  of  iron.    First  on  the  list  of  necessity,  and  yielding  tQ  none 
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z,%%  material  of  luxurious  refinement,  this  md  Ling  of  metals^  gor- 
ernsy  assists,  or  mocUfics  every  operation  which  stimulates  the  in- 
^«nuity  of  man.  Every  trade  without  exception  is  dependent  on 
ity  while  it  borrows  the  sdd  of  but  very  few  in  return.  Agriculture 
and  mechanics,  chemistry  and  mineralogy,  astronomy  and  naviga* 
tion,  all  confess  its  universal  utility.  Medicine  respects  it— sur- 
gery might  almost  worship  it.  Painting  is  indebted  to  it  for  many 
of  her  favourite  colours,  and  music  for  some  of  her  sweetest  ^unda. 
Universally  diifused  throughout  our  globe,  we  trace  it  under  eveiy 
form,  assuming  every  hue,  mingling  in  every  combuiadon>— the 
favourite  instrument  of  the  wisdom  and  goodness  of  the  Deity.  It 
enters  Into  the  composition  of  all  our  food— it  constitutes  an  im- 
portant portion  of  the  soil  which  supports  us.  It  sparkles  in  the 
eye  of  health,  and  blooms  in  the  blushing  check  of  youth  and  beau- 
ty—it  tints  the  gems  of  the  mine  and  the  flowers  of  the  forest,  and 
its  powerful  influence  presides  in  some  measure  over  every  pro- 
duction of  art,  and  every  process  of  nature. 

When  we  reflect  on  the  unlimited  usefulness,  the  inexhaustible 
variety,  and  the  interesting  difficulties  which  this  subsUmce  dia^ 
plays  to  our  consideration,  it  may  seem  matter  of  surprise  that  it 
should  not  have  been  already  thoroughly  examined  by  acientific 
men ;  and  indeed  the  author  of  this  sketch  was  long  of  opinion  that 
nothing  remained  for  investigation.  The  better  he  became  acquaint- 
ed with  the  subject  however,  the  more  fully  was  he  convinced, 
that  from  some  cause  or  other,  iron  has  not  obtained  a  due  share  of 
attention ;  that  disputes  about  absolute  caloric,  or  the  radical  of  mu- 
riatic acid,  or  the  constituents  of  the  pre<^ious  stones,  or  the  exact 
specific  gra\nty  of  the  gasses,  with  an  hundred  other  chemical  in- 
vestigations, which,  even  when  discovered,  add  but  littic  to  our 
knowledge  and  nothing  to  our  happiness— have  puzzled  the  judge- 
ment and  distracted  tlie  inv^tion  of  philosophers,  while  the  hum- 
bler, more  attainable,  but  incomparably  more  important  processes 
of  manufacture,  lay  neglected  or  forgotten.    Thus  in  the  essays  of 
the  celebrated  Klaproih,  which  are  models  of  science  and  consum- 
mate skill,  there  is  not  a  single  analysis  of  the  ores,  or  oxyds  of 
iron ;  and  Boucher  and   Couilivrcau,  the  French  academicians, 
though  the  authors  and  compilers  of  a  long  and  elaborate  treatise 
on  the  arts  of  the  furnace  and  the  forge,  gives  us  no  reason  what- 
ever for  supposing  that  they  ever  made  an  experiment  upon  the 
subject.     Swedenborg  has  also  furnished  a  minute  and   verbose 
account  o^  the  Swedish  modes  of  manufacture,  wliich  is  equally 
destitute  of  chemical  investigation  ;  abounding  however,  like  his 
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I  do  sincer^  wish  dmt  the  pcq>Ie  would  once  begbi 
to  imagine,  that  legislators  u  ho  talk  the  longest  are  not 
therefore  the  wisest;  and  that  there  may  be  acmie  truth  ia 
the  old  proverb,  that  empty  vessels  sound  die  most  In 
out  debates  it  must  be  confessed  that  if  our  knowledge  be 
not  very  profound,  it  is  in  our  ovm  language,  voy 
lenigthy.  In  natural  talent,  in  force  of  body  and  vigour 
of  mindy  we  are  infoior  to  no  nation  that  I  am  acquaint- 
ed with :  but  I  think  that  even  while  I  am  writing  (Sep- 
tember 1814)  proof  is  afforded,  that  we  should  be  greatly 
improved  by  European  cultivation  and  European  discip- 
Une ;  for  these  have  made  beings  our  superiors^  who  in 
every  natural  endowment  of  mind  and  body  are  acaicc- 
ly  our  equals. 

In  the  outline  I  have  given  of  Werner's  theoiy  of  the 
earth  with  a  few  additional  ideas  of  my  own^  it  must  be 
obvious,  that  it  does  not  account  for  metallic  stnia  or 
veins  of  late  formations,  ^oc  will  the  Nq>tuniui  hypo- 
thesis of  watery  crystallization  answer  the  purpose  as  I 
think  :  nor  can  I  adopt  the  Plutonian  tlieory  erf*  Hutton 
and  Play&ir,  who  suppose  the  veins  of  metallic  substance 
to  have  been  filled  by  injection  from  below\  To  nc  it 
seems  that  we  want  light  on  the  subject,  and  must  await 
till  more  facts  be  recorded  and  compared.  T.  C. 


IRON. 

Preliminary  Estay  upon  the  theory  of  Aaaaying  aa  afipRed  to  the 

orea  qf  iBou. 

In  the  Wide  and  importaut  ran^  of  chemical  Investigation,  few 
subjects  present  themselves  to  our  notice  which  have  so  extenuve 
a  relation  to  the  wants  and  comforts  of  life  as  the  various  manu&c- 
tures  of  iron.    First  oq  the  list  of  necessity,  and  yielding  to  none 
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asi(  material  of  luxurious  refinement,  this  real  king  of  metals,  gov- 
enn,  assists,  or  modifies  every  operation  which  stimulates  the  in* 
^wnuity  of  man.  Every  trade  without  exception  is  dependent  on 
ilKy  while  it  borrows  the  sdd  of  but  very  few  in  return.  Agriculture 
and  mechanics,  chemistry  and  mineralogy,  astronomy  and  naviga« 
tion,  all  confess  its  universal  utility.  Medicine  respects  it— sur- 
gery might  almost  worship  it.  Painting  is  indebted  to  it  for  many 
of  her  favourite  colours,  and  music  for  some  of  her  sweetest  ^unda. 
Universally  diifused  throughout  our  globe,  we  trace  it  under  eveiy 
form,  assuming  every  hue,  mingling  in  every  combiiiation»-lhe 
favourite  instrument  of  the  wisdom  and  goodness  of  the  Deity.  It 
enters  Into  the  composition  of  all  our  food— it  constitutes  an  im- 
portant portion  of  the  soil  which  supports  us.  It  sparkles  in  the 
eye  of  health,  and  blooms  in  the  blushing  check  of  youth  and  beau- 
ty—it  tints  the  gems  of  the  mine  and  the  flowers  of  the  forest,  and 
its  powerful  influence  presides  in  some  measure  over  every  pro- 
duction of  art,  and  every  process  of  nature. 

When  we  reflect  on  the  unlimited  usefulness,  the  inexhaustible 
variety,  and  the  interesting  difficulties  which  this  substance  dia^ 
plays  to  our  consideration,  it  may  seem  matter  of  surprise  that  it 
should  not  have  been  already  thoroughly  examined  by  scientific 
men ;  and  indeed  the  author  of  this  sketch  was  long  of  opinion  that 
nothing  remained  for  investigation.  The  better  he  became  acquaint- 
ed with  the  subject  however,  the  more  fully  was  he  convinced, 
that  from  some  cause  or  other,  iron  has  not  obtained  a  due  share  of 
attention  \  that  disputes  about  absolute  caloric,  or  the  radical  of  mu- 
riatic acid,  or  the  constituents  of  the  previous  stones,  or  the  exact 
specific  gra\nty  of  the  gasses,  with  an  hundred  other  chemical  in- 
vestigations, which,  even  when  discovered,  add  but  little  to  our 
knowledge  and  nothing  to  our  happiness — have  puzzled  the  judge- 
ment and  distracted  the  inv^tion  of  philosophers,  while  the  hum- 
bler, more  attainable,  but  incomparably  more  important  processes 
of  manufacture,  lay  neglected  or  forgotten.    Thus  in  the  essays  of 
the  celebrated  Klaproih,  which  are  models  of  science  and  consum- 
mate skill,  there  is  not  a  single  analysis  of  the  ores,  or  oxyds  of 
iron ;  and  Boucher  and   Coutlivrcau,  the  French  academicians, 
though  the  authors  and  compilers  of  a  long  and  elaborate  treatise 
on  the  arts  of  the  furnace  and  the  forge,  gives  us  no  reason  what- 
ever for  supposing  that  they  ever  made  an  experiment  upon  tlie 
subject.    Swedenborg  has  also  furnished  a  minute  and   verbose 
accoimt  o^  the  Swedish  modes  of  manufactui^e,  which  is  equally 
desUtutc  of  chemical  investigation  \  abounding  however,  like  his 
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much  heated)  is  never  liable  to  this  fallacy.  The  object  oFdIi 
experiment  is  obvious.  It  is  well  known  that  a  solution  of  sri- 
phat  <^  iron  (and  indeed  of  all  the  salts  of  ifod)  deposits  its  bne 
after  standing  some  time,  because  the  iron  becomes  too  mncli 
oxyded  to  remain  in  solution,  and  yet  after  this  spontaneous  pic- 
cipitation  had  taken  place,  the  iron  is  only  what  is  called  an  ochre, 
is  perfectly  magnetic  after  slight  roasting,  and  is  the  same  in  ef" 
feet  as  the  bog  ores  in  the  greater  part  of  all  countries  wlikh 
abound  in  pyritous  stone  coal.  (Vide  Henckcl's  Pyritotogia). 
Therefore  it  is  evident  that  the  ore  in  this  experiment  did  not 
contain  a  full  dose  of  oxygen,  or  else  it  would  have  been  insolDbfe, 
still  less  could  it  contain  a  quantity  of  it  destructive  tr>  its  pro- 
ducts in  the  blast  furnace,  since  it  actually  contained  less  than  tlie 
class  of  bog  ores,  which  arc  acknowledged  to  be  among  the  easiest 
worked,  of  all  the  ores  of  iron. 

It  is  to  be  lamented  that  a  man  of  such  perseverance,  expe- 
rience and  skill  in  the  manipulations  of  the  assay  furnace,  shoold 
have  entertained  so  stroiij^  an  impression  of  the  injurious  tcndcncf 
of  oxygen,  and  overlooked  so  obvious  and  powerful  a  nunenlizer  as 
sulphur  is  known  to  be.  Perhaps  the  reason  was  that  he  concav- 
ed no  notable  portion  of  sulphur  could  exist  in  combination  intk 
the  one  unless  it  appeared  plainly  in  tlie  roasting,  for  he  says  ex- 
pressly that  if  the  pulverized  ironstone  be  thrown  into  a  red  bol 
vessel,  the  pi-esencc  of  sulphur  (if  any !)  will  instantly  be  mam- 
fested  by  a  dark  lambent  flame  and  a  suffocating  vapour.  Nov  -  ^ 
I  can  assert,  upon  my  own  experience,  that  an  ironstone  which 
contains  so  much  sulphur  as  to  produce  but  little  and  extremely 
bad  iron  in  the  furnace  and  in  the  assay  crucible,  may  notwitlh 
standing  1)0  thrown  to  the  quantity  of  four  ounces  upon  a  red  hot 
iron  plate  without  exhibiting  any  Same  or  emitting  any  percept!* 
bly  sulphureous  odour.  That  consequently,  this  modeof^sco- 
vering  sulphur  cannot  in  my  opinion  be  at  all  relied  on.  Ccrtaki 
it  is  indeed,  that  where  these  appearances  are  present,  the  oit 
must  be  exceedingly  sulphureous,  but  it  is  equally  certun  that 
ironstone  may  be  contaminated  with  sulphur  to  averymischievoui 
excess,  without  shewing  any  such  appearances  whatever  when 
tried  in  the  mode  which  he  recommends ;  ahhough  when  a  verr 
large  <iuantity  is  burnt  in  a  jnle  and  for  several  days  toother  as  st 
furnaces,  the  sulphureous  acid  gas  can  be  readily  perceived  evea 
at  several  yards  distance.  The  cause  of  this  odour,  cannot  he  mis- 
tiiken  where  wocd  and  charcoal  are  used  for  the  purpose  of  tofit- 
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iactioD}  as  is  generally  the  case  in  the  United  States ;  but  where 
atone  coal  is  employed^  for  that  purpose,  as  it  is  in  Scotland^  it 
snight  very  readily  escape  notice. 

.  I  shall  pass  by  some  of  Mr.  Mushet's  intermediate  observa- 
tkuM  upon  this  subject,  and  proceed  at  once  to  his  condusim, 
which  I  conceive  would  in  many  cases  produce  very  injurious  ef- 
filcts  if  reduced  to  practice.  <'  I  look  upon  it"  says  he  <<  to  be  a 
desideratum  in  the  preparation  of  ironstone,  to  contrive  a  mode 
which  would  either  deoxygenate  tlie  ore  unexposed  to  external 
air,  with  a  degree  of  certainty  which  would  preclude  the  possibili^ 
tj  of  the  ore's  attracting  more  oxygen."  The  meaning  of  which 
appears  to  be,  to  exclude  as  much  as  possible  the  action  of  the  at* 
SBoaphere. 

Before  I  make  any  further  remarks  upon  Mr.  Mushet's  theoryf 
I  shall  lay  down  what  I  consider  the  objects  and  rationale  of  the 
roasting  of  ores  of  iron  previous  to  their  entrance  into  the  furnace. 
To  do  this  the  more  rcacUly  I  shall  divide  them  into  two  classes. 
1st.  Comprehending  those  ores  which  do  not  contain  any  percep- 
tible portion  of  sulphur  or  arsenic.  2dly.  Those  ores  which  are 
eoDsiderably  mineralized  by  one  or  both. 

Now,  when  ores  of  the  first  class  are  too  large  to  be  put  into 
fte  furnace  without  breaking,  and  too  hard  to  be  broken  without 
|he  assiatance  of  heat— they  are  roasted ;  and  although  every  ma- 
Bttfitxturer  may  not  know  the  reason  <^  the  operation,  it  is  simply 
this,  that  they  may  be  broken  in  smaller  pieces  and  with  less  la- 
bour.   The  proof  of  this  is,  that  all  the  bog  ores  without  exception 
used  raw,  although  they  contain  fully  as  much  cartionic  acid^ 
T  and  oxygen  as  any  ore  whatever.     Moreover  when  moun- 
ore  occurs  small  enough  to  do  without  breaking,  as  is  some- 
'«  the  case,  the  operation  of  roasting  is  omitted  also.    I  have 
•een  instances  of  this  last  at  Warwick  and  Joanna  furnaces  of  this 
state,  where  they  used  their  ore  without  any  preparation,  and  have 
Vf  inyaelf  in  a  case  of  emergency,  had  a  considerable  quantity  of  raw 

iiroostoiie  put  into  the  furnace  without  any  bad  consequences  re- 
sulting from  it.  Consequently  we  may  safely  assume  it  as  a  de- 
^  cided  ftctthat  the  presence  of  water  and  carbonic  acid  in  the  ore 
^  has  DO  injurious  effect  upon  the  operation  of  smelting. 

Let  us  on  the  other  hand  conuder  torrefaction  as  applied  to  au 
ironstone  containing  a  quantity  of  sulphur.  Here  we  shall  have 
to  operate  upon  a  substance,  known  to  possess  a  strong  attraction 
to  iron  in  all  proportions  from  I  to*  55  per  cent,  and  in  all  th6^b 
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possessing  tt  bud  cfiecl  upon  the  quality  oi'lhc  metal.  The  effect 
of  the  roasting;  ou^ht  now  to  be,  not  only  to  render  the  ore  cash 
broken  as  before,  but  also  to  expel  the  greater  part  of  the  sulphur, 
in  some  measure  by  sublimation  and  chiefly  by  acidifi cation.  In 
tliis  process  the  sulphur  combines  with  oxygen  sulTicient  to  con- 
vert it  into  sulpliurcous  acid,  which  is  extremely  volaule  and  which 
does  not  act  upon  iron,  and  this  flies  off*  in  vapour  producing  the 
peculiar  smell  that  proceeds  from  sulphur  when  undergomg  com- 
bination. In  this  way  the  sulphur  may  in  most  cases  be  bunt 
off*,  but  cannot  be  got  rid  of  by  sublimation  alone  ;  because  for  dus 
purpose  it  would  be  necessary  that  the  ur  should  be  totally  ex- 
cluded and  at  the  same  time  that  a  free  passage  should  beaflbnled 
to  the  sulphui*eous  va|>our— a  combination  absolutely  impoinblf 
without  a  radical  change  in  the  whole  of  the  present  system  of 
torrefaction. 

Upon  tliis  subject,  which  is  indeed  as  Mr.  Mushet  considm 
it,  fully  entitled  to  the  utmost  attention  of  the  manufacturer,  I  shall 
bring  to  my  support  the  expeiiments  of  M.  Guineveau  upon  de- 
sulphu ration,  by  which  it  is  plainly  shewn  that  a  free  concourse  of 
air  is  nccessai-y  to  the  process ;  and  that  it  can  neither  be  per- 
formed in  close  vessels  by  the  most  carefully  conducted  dvdlla- 
tion,  nor  in  a  covered  crucible  by  the  strongest  fire.  The  Swe- 
dish iran  mastei-s'  mode  of  torrefaction  as  detailed  by  Swedenborg 
is  decidedly  in  favour  of  the  same  opinion.  Their  ores  arc  al- 
ways roasted  with  diy  wood,  and  he  mentions  some  instances  is 
which  he  has  heard  of  the  process  being  repeated  three  times  in 
order  to  expel  the  sulphur.  Their  success  must  be  good,  sin 
they  make  tljc  best  iron  in  Europe,  yet  they  never  exclude 
atmosphero ;  on  the  contrar\-  their  mode  of  operation  ensures 
steady  and  great  supply  of  this  important  agent,  and  the  author 
quote  from,  particularly  states  that  the  suflbcating  odour  of  burn- 
ing sulphur  (that  is  to  say  of  sulphui*eous  acid  gas)  is  always  very  ' 
perceptible  and  that  for  several  days  together  from  the  same  |«le.  ^^ 
Nay  even  the  British  mode  with  which  Mr.  Mushet  finds  so  much  | 
fault,  is  in  that  respect  tolerably  advantageous,  since  I  should  V 
think  the  swelled  and  spongy  fonn  which  the  coal  assmncs  in  \ 
coaking,  must  be  very  favourable  to  keeping  up  a  supply  of  air  ■ 
for  a  considerable  time  and  thus  tend  greatly  to  remove  the  rc"^ '  ' 
enemy  of  the  smelting  process — ^not  oxygen,  but  sulphur. 

If  these  principles  be  correct,  and  they   have   rcceired  U 
stamp  of  piactirc  qs  well  as  ihe  seal  of  scientific  investigatioiv. 
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ibUows,  that  were  tre  to  roast  a  sulphureous  ironstone  without  ad* 
mitting  the  air  as  Mr.  Mushet  advises,  we  should  not  get  rid  of  the 
sulphur  at  all,  that  small  portion  excepted  which  might  be  able 
to  make  its  way  through  his  nearly  impcncti*able  covering  of  pit 
coal  coak  dust,  and  thus  instead  of  improv||g  upon  the  process 
in  common  use,  we  should  really  subsfttute  one  incomparably 
worse :  a  mode  indeed,  where  the  ore  is  very  sulphureous,  which 
would  alone  be  fully  sufiicicnt  to  frustrate  ever)-  future  operation— 
to  ruin  the  undertakers  and  cast  disgrace  upon  the  undertaking. 

To  sum  up  the  whole  of  what  has  been  stated,  I  should  com- 
prise it  in  the  following  rules,  viz  : 

That  when  the  ore  contains  neither  sulphur  nor  arsenic  it  cari" 
not  contain  any  other  principle  which  requires  the  process  of  tor- 
-  refaction  for  its  expulsion.  Therefore,  That  when  the  ore  is  not 
mineralized  and  does  not  require  poimding,  roasting  is  unnecessa- 
ry. Tfiat  when  it  is  not  minei^ized  and  does  require  to  be  pound- 
ed, it  is  no  matter  for  that  purpose  how  the  heat  is  applied,  whe- 
ther with  air  or  without  it.  That  when  the  ore  is  mineralized, 
whether  it  needs  pounding  or  not,  it  must  be  torrefied^— and  that 
in  this  latter  case,  air  is  not  only  not  prejudicial  but  absolutely  ne- 
cessary for  the  purpose. 

There  is  yet  one  part  of  this  subject  which  demands  notice  and 
that  is  the  degree  to  wnich  the  heat  should  be  raised  in  the  process 
of  torrefaction.  The  importance  of  this  circumstance  also  de* 
pends  in  a  great  measure  upon  sulphur.  When  this  injurious 
substance  is  present,  the  heat  should  be  long  continued,  and  must 
not  be  so  great  as  to  fuse  the  ore.  When  the  ore  contahis  no  sul- 
phur, it  is  no  longer  of  so  much  consequence,  except  that  it  is  a 
aate  of  combustibles  in  the  pile  and  of  some  small  quantity  of  coal 
;in  the  furnace.  The  reasons  for  this  opinion  are  I  conceive  as  fol- 
lows. 

It  is  generally  found,  at  least  throughout   the  argillaceous 
^     species  of  ores,  that  sulphur  is  chemically  combined  with  a  small 
portion  of  the  iron,  in  the  state  of  pyrites,  but  only  mechanically 
combined  with  the  great  body  of  the  itx)nstone.     Now  the  tinited 
efTect  of  heat  and  air,  is  to  expel  this  sulphur  in  the  form  of  sul- 
phureous acid  gas,  so  long  as  the  ore  is  not  heated  to  the  fusing' 
^  poixiL  J3ut  as  soon  as  this  is  the  case,  the  surface  becoming  glazed,- 
E  denies  a  passage  inwards  to  the  air,  and  outwards  to  the  sulphure- 
I  vapour,  and  the  chemical  combination  which  before  existei 
'  in  a  small  part,  becomes  o::tended  through  the  whole  mas^^ 

Vez.  III.  ^  K 
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thus  changing  the  metallic  portion  of  the  ore  into  n  silb-sulphuitt 
of  iron.  The  ore  in  this  state  is  conveyed  to  the  furnace  and 
thrown  into  a  situation  where  scarcely  a  particle  of  free  oxygen 
can  be  conveyed  to  it,  until  it  has  descended  nearly  its  whole  dis- 
tance, and  where  oAourse  it  has  but  Jittle  chance  of  losing  anj 
portion  of  its  sulphur  Acept  what  the  hydrogen  of  the  chtrcoal 
may  dissolve  and  dissipate.  The  greater  part  therefore,  una- 
voidably remains  in  combination  to  the  last,  changing  nearly  the 
whole  into  cinder  and  debasing  to  the  most  worthless  degree  the 
small  portion  of  iron  which  can  under  such  circumstances  be  pro- 
duced from  it.  In  the  assay  crucible  I  have  found  the  effect  ex- 
acUy  similar,  when  the  flux  used  was  properly  adapted  to  support 
the  analogy  between  the  small  and  the  large  way  of  operating. 
The  effect  of  Mr.  Mushet*s  proportions  of  flux,  and  the  reasons 
why  those  proportions  have  probably  led  to  such  erroneous  hlfe^ 
ences  will  come  more  methodical  before  us  in  a  future  pa- 
per. 

The  injurious  effects  of  too  great  a  degree  of  heat  on  an  iron- 
stone which  does  not  contain  sulphur,  are  simply  that  it  wastes 
fuel  unnecessarily — ^that  the  ore  is  afterwards  less  easy  to  pound 
than  if  properly  roasted — and  lastly,  that  the  increased  density 
and  hardness  of  the  mass  makes  it  probably  more  difiicult  for  the 
vapour  of  cementation  to  pervade,  and  this  contraction  I  hare 
generally  attributed  to  the  large  proportion  of  clay  with  which 
these  ores  are  always  united. 

Thus  it  is  best  in  all  cases  that  the  ore  should  not  be  fused. 
But  with  a  sulphureous  ore  this  circumstance  is  of  the  greatest 
importance.  Sulphur,  and  nothing  else  will  account  for  the  dif- 
ference, nor  can  1  perceive  that  oxygen  has  any  thing  to  do  with 
It. 

The  relation  which  the  magnetic  property  bears  to  the  value 
and  richness  of  iron  ores,  and  the  reasons  why  torrcfaction  exhibits 
this  property  in  so  remarkable  a  degree,  will  form  the  subject  of 
my  next  communication.  j.  H.  H. 

Bemarks  by  tlie  Editor. 

The  preceding  paper  is  well  worth  attention  on  a  very  nn|Nyr* 
lant  part  of  the  process  of  smelting  iron  ores. 

The  ores  of  iron,  appear  as  ores  and  not  as  pure  iron,  in  con- 
sequence of  the  iron  contained  in  them  being  combined,  with  ^^ 
phur  or  arsenic  or  both— or  with  oxygen  in  various  ptxspotliaamF 
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with  carbonic  acid.  The  salts  ofiran,are  not  used  as  oi*cs.  The 
combination  of  iron  with  phosphorus  or  its  acid,  I  consider  as  too 
uuceitain  to  be  noticed.  To  reduce  these  ores  to  iron,  the  sul- 
phur or  arsenic,  the  oxygen,  the  carbonic  acid,  must  be  driven  off. 
This  is  done  by  means  «f  heat  and  charcoal,  whether  of  wood  a« 
in  this  country,  or  of  fossil  coals  in  England. 

When  ores  are  roasted  previous  to  smelting,  with  a  heat  not 
exceeding  a  red  heat,  they  are 

1st.  Rendered  more  friable:  more  easily  broken. 

2d.  Sulphur  and  arsenic  if  combined  in  them,  arc  driven  off, 
partly  in  the  form  of  sulphur  and  white  arsenic,  and  toward  the 
close  of  the  operation  the  sulphur  is  acidified  by  the  air,  and  flies 
off  in  the  form  of  a  suffocating  sulphureous  acid  gas. 

3d.  By  heat  also,  the  carbonic  acid  gas  is  partly  driven  off 
during  roasting.  Hence  by  roasting  with  coal  dust,  a  part  of  tlie 
operations  of  the  smelting  furnace  are  forestalled  by  means  of  a 
cheap  fuel  :  and  where  the  ores  contain  sulphur  this  is  more  ef- 
fectually driven  off  by  roasting  in  the  open  air,  than  it  could  be  in 
the  furnace,  where  its  escape  would  be  perpetually  intercepted  by 
the  great  body  of  ore,  fuel,  and  flux. 

I  believe  it  to  be.  true,  that  the  last  portions  of  sulphur  must  be 
driven  off  by  being  acidified  in  contact  with  atmospheric  air :  but 
where  the  ore  is,  as  it  generally  is,  merely  an  oxyd,  or  an  oxydule, 
I  have  no  doubt  but  the  oxygen  is  encreased  instead  of  being  di- 
minished, by  roasting,  unless  plenty  of  charcoal  dust  be  used ; 
"which  by  yielding  carbon,  converts  the  oxygen  of  the  ore  into  car- 
bonic acid.  That  iron  in  a  red  heat  will  greedily  imbibe  oxygen 
from  the  atmosphere,  no  one -who  has  seen  finery  cinder,  or  the 
scales  of  a  common  blacksmith's  shop,  can  doubt  (I  think)  for  a 
moment.  Nor  can  the  iron  be  oxygpnated  to  the  utmost,  without 
ignition,  as  any  one  may  see  by  exposing  yellow  ochr^  to  heat  till 
it  becomes  red  ochre,  which  is  a  peroxyd. 

Hence,  where  the  iron  is  sulphurated,  my  correspondent's  re- 
marks apply  fully,  and  they  are  important.  Where  the  ore  is  a 
mere  oxyd,  not  perfectly  saturated  with  oxygen,  as  the  case  gene- 
rally is,  I  think  the  roasting  with  plenty  of  charcoal  dust,  and  stop* 
ping  the  operation  rather  before  the  charcoal  dust  is  consumed,  is 
the  proper  method  to  be  adopted ;  for  if  the  oxygen  of  the  ore  be 
in  great  measure  driven  off  by  roasting,  it  will  certainly  be  re- 
stored, if  the  ore  be  exposed  to  the  action  of  the  air  iti  a  red  heal 
after  the  charcoal  is  consumed. 
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So  farts  I 'know,  the  magnetic  qualities  of  iroo  or  iron  ei^ 
have  little  or  no  practical  effect  in  the  operation  of  smelting.  We 
know  too  litUe  as  yet  al>out  magnetism,  to  draw  practical  infin^ 
ences. 

It  seems  to  me  of  no  consequence  whether  the  argiUaceom 
part  of  the  common  iron  ore  be  hardened  or  not  bv  roasting.  The 
earth  must  be  converted  into  glass  in  the  furnace,  or  the  iron  will 
not  be  obtained.  The  action  of  the  lime  on  the  clay  is  the  same, 
whether  this  latter  be  hard  or  soft.  Let  it  be  remembered,  that  in 
a  very  g^at  degree  the  art  of  pottery,  the  art  of  glass  making, 
and  the  art  of  smelting  depends  on  this  fact,  viz. 

Put  into  a  crucible  a  round  lump  of  pure  clay :  into  another,  a 
similar  lump  of  pure  lime  or  even  limestone :  into  another  a  unu- 
lar  lump  of  pure  fluit,  silex,  or  quartz.  Expose  them  for  any 
length  of  time  to  a  violent  heat,  they  will  continue  as  at  first,  day, 
lime,  and  filnt,  except  where  the  sides  are  in  contact  with  the 
crucible.  Pound  them  together,  and  put  them  in  one  crucible; 
expose  them  to  heat  for  the  same  time^  and  the  product  will  be 
perfect  glass.  As  potass  will  dissolve  ailex>  it  may  be  substituted 
for  lime.  T.  C. 
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pKILADELrHIA,  Fd>.   1814. 

Meat  ^tf^i^In  a  note  to  your  edition  of  Accum*8  Chemistiy,  I 
Sod  that  you  mention  a  contrivance  of  Mr.  Cloud  for  preparing 
what  is  commonly  called  mineral,  but  more  pn^kcrly  aeraled  wa- 
ter, or  for  saturating  water  with  carbonic  acid  gas.  It  may  not  be 
improper  to  notice,  for  the  information  of  your  readerm,  that  al- 
though the  plan  would  appear  very  economical,  and  answer  the 
purpose  completely,  yet  the  truth  is,  that  with  an  i^iparatus  mMk 
according  to  Mr.  Cloud's  direction,  (in  a  superior  style,  which 
cost  8  40)  t(\e  saturation  was  difficult  to  effect  to  that  degree  equil 
to  the  machine  with  the  forcing  pump.  Mr.  C.  from  his  own,  as 
vrell  as  from  the  evidence  of  Messrs.  Patterson  and  Eckfeldt  of 
the  U.  States*  mint,  prepared  aerated  water  with  his  apparatus^ 
but  with  the  one  made  by  Mr.  Glcntworth  and  myself^  no  jo/vm* 
/*  '  aa  impregnation  cauld  be  effected.     We  fbUowed 
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Uie  directioHsof  Mr.  Cloud  in  every  particular,  and  in  order  to 
Mcure  success,  we  procured  twu  powerful  soi'ews,  and  an  inn 
head ;  the  latter  was  adapted  the  moment  the  vessel  containing  the 
^halk  and  diluted  sulphuric  acid  was  put  in. 

Deterifition  0/  thf  a /i flora  tut -^In  order  to  understand  the  pUa 
more  fullyi  we  subjoin  the  following  figure,  which  may,  probably^ ' 
lead  to  wme  improvement,  which  would  obviate  our  objections. 


The  vessel  wc  had  made,  was  of  strtHtg  oak,  with  staves  of  1^ 
inches  in  thickness,  of  the  figure  of  a  chum,  as  A  and  contained 
about  IS  gallons.  At  fr,  is  a  partition  made  in  the  vessel,  at  th« 
time  it  was  formed.  At  f,  is  a  hole  of  about  two  inches  diameter 
with  a  wooden  pipe  c,  to  screw  it  in  orout  at  pleasure.  Aid,  there 
b  a  circular  iron  head  made  to  fit  on  the  top  of  the  vessel  A,  under 
which  is  placed  thick  paper  before  the  head  is  screwed  on  t^ 
the  screws  g.  g.  At  A,  is  a  wooden  piece  made  of  thick  plank 
perforated  at  the  ends,  so  as  to  admit  the  iron  bars  c.  e.  which  are 
bstened  to  a  plank  at  bottom  k.  t.  At  /.  is  an  aperture  for  a  stop- 
cock to  let  out  the  water.  The  distance  from  i.  to  the  top,  is  about 
one-third  of  the  leng:th  of  the  cask. 

The  Opcraiion.  The  vessel  A,  is  filled  with  river  water  to 
within  an  inch  of  6.  The  pipe  r.  is  then  screwed  in  :  a  vessel  of 
-stone-ware  holding  about  two  quarts,  is  then  provided,  in  which  is 
pat  one  pound  of  chalk  in  small  tumps,  and  a  diluted  mixture  of 
sulphuric  acid  in  the  proportion  of  6  ounces  to  one  pint  of  water. 
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The  vessel  thus  prepared,  is  set  on  6,  in  the  vessel,  and  the  top  is 
screwed  on  immediately.  In  the  course  of  three  hours,  the  water 
in  the  vessel  may  be  let  off.  The  saturation  or  impreg;natioQ  will 
be  found  to  equal  the  water  made  in  Nooth's  machine.  But  Mr. 
Cloud  says,  that  the  strength  of  water  made  in  his  apparatus  was 
equal  to  that  prepared  by  the  assistance  of  the  forcing  pump, 
which  is  a  costly  and  an  expensive  mode.  I  intend  to  have  a  pipe 
to  run  from  c.  to  the  bottom  of  the  vessel,  so  that  the  gas  may  pass 
through  the  water,  in  its  ascent  fi-om  the  bottom.  It  is  plain  that 
the  pressure  is  given,  by  confining  the  gas  in  a  small  compass, 
and  the  necessity  it  is  under  of  combining  with  the  water,  or  of 
breaking  the  apparatus.  To  avoid  the  latter,  the  vessel  should 
be  strong  and  well  made.  On  ours,  we  had  1 5  iron  hoops.  I 
hope,  that,  on  further  trial,  the  apparatus  may  be  found  to  super- 
sede the  complicated  one  with  the  forcing  pump,  and  the  glass 
one  of  Mr.  Nooth. 

As  to  the  aerated  waters  generally,  I  am  of  opinion,  that  every 
family  should  have  an  apparatus  of  the  kind,  in  order  to  make 
them  at  any  time  ;  for  the  purpose  of  medicine,  and  salutary  bere- 
rage.  I  found  them  in  a  recent  complaint  of  more  service  than  ^ 
any  other  preparation.  Owing  to  extreme  debility,  no  medicine 
or  food  would  stay  on  my  stomach  until  I  drank  the  seltzer  and 
soda  waters ;  and  I  am  of  opinion,  that  by  their  use,  sickness  may 
be  avoided,  and  of  course  health  preserved. 

I  am  sir,  your's,  &c.  JAS.  CUTBUSH. 

T,  Cooper^  Esq. 

Remarks  hy  the  Editor. 

Mr.  Cloud's  and  professor  Patterson's  machine  for  making 
seltzer  water,  I  saw  in  operation  at  the  mint.  The  water  was 
strongly  imprc^^nated  with  carbonic  acid,  and  suflicicntly  so.  I  had 
one  made  on  tlie  same  plan  a  few  months  afterward  \  but  I  could 
never  succeed  in  making  the  water  sufficiently  aerated.  I  shew- 
ed mine  to  an  intelligent  man  of  this  city,  Mr.  Jones,  who  wished 
to  make  the  seltzer  and  soda  waters  fur  sale.  He  had  one  raado 
lately  with  every  precaution,  but  his  too  did  not  succeed.  Certain- 
ly the  principle  and  the  plan  of  Mr.  Cloud's  machine  are  very 
simple  and  in  theory  sufliciently  cfncacious,  but  I.  am  at  a  loss  to 
discover  what  our  want  of  success  is  to  be  ascribed  to,  unless  it  be 
to  defect  in  workmanship.  T.  C. 
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COLOURTilD  FLAMES. 

The  colours  of  the  flame  produced  by  burning   cotton  d^  in 
some  of  tiie  neutral  salts  in  spirit  of  wine. 


Veutral  .Va/r#. 

Muriates  of  Soda 

Ammonia 
Lame 

Magnesia      *- 
Barytes 
Strontian 
Allum 
Iron 

Manganese 
Tin 
Copper 

Iron  and  Strontian 
Acelites  of  Iron 
Lead 
Alumine 
Nitrates  of  Potash 
Soda 
Lime    - 
Lead 
Bismuth 
Silver 
Sulphatsof  Iron 

Copper 
Zinc 

Magnesia 
[itro-Murial  of  Phtina 
Chromat  of  Potash 
Prussiat  of  Potash 


Colours  of  their  Jlamu. 
Bright  yellow. 
Brownish  yellow. 
Red  yellow  (Deep.) 
Red  yellow. 
Pale  yellow. 
Deep  red. 
Reddish. 

Sparkling  yellow. 
Sparkling  red-yellow. 
Pale  bluish. 
Green  with  yellow. 
Sparkling  reddish. 
Reddish  vellow. 
Bright  red  yellow. 
Beautiful  purple  yellow. 
Beautiful  purple. 
Beautiful  reddish  3rcIIow. 
Beautiful  reddish  yellow. 
Red  yellow. 
Red  j'ellow. 
Reddish  yellow. 
Reddish  ycUo'.v. 
Green. 

Reddish  tc11o\\  . 
Reddish  yclIo;v. 
Yellow.  ' 
Purplish  red. 
Reddish  yellow. 
JOHN  TYLER  LINTON, 

Dickinson  College , 


Mr.  Hord  of  Virginia,  one  of  my  chemical  students  at  Dickin- 
tm  College,  has  lately  taken  out  a  patent  for  facilitating  the  crys- 
allization  of  sail,  by  the  application  of  a  vacuum.  About  one- 
hird  of  the  fuel  is  saved,  as  is  said.  T.  C. 
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WEAVING. 

The  Hev.  Edward  Cartxvright.     IFcavlng  by  Machine^ 

ry:  Patents.     Poetry. 

I  have  already  introduced  this  Gentleman  to  iny  readers,  as  tlie 
uiTentor  of  a  new  method  of  giving  rotatory  motion  in  a  steam  en- 
gine — as  the  inventor  of  a  new  metliod  of  keeping  the  pisUn  ia 
close  contact  with  the  internal  surface  of  the  working  cylinder-*- 
as  the  inventor  of  a  new  mctliod  of  ftndensing  steam  by  a  large 
surface  of  thin  metallic  plates,  exposed  to  the  action  of  coki  water 
within  and  without ;  an  invention  that  will  continue  to  be  applied 
"as  I  think)  in  all  future  impiaovemcnts  on  the  steam  engpuie. 

I  have  introduced  him  to  my  readers  as  the  inventor. of  weavixif^ 
by  water-poweror  by  steam.  Sometime  about  the  year  1791,  his 
first  experiment  (near  Castlefield  in  Manchester)  of  weaving  by 
means  of  steam  succeeded  so  well,  that  it  was  set  on  fire  after 
having  continued  in^  operation  about  two  months.  A  few  yean 
ago,  the  parliament  of  England,  granted  him  a  further  term  for 
his  patent,  but  I  have  not  heard  whether  the  principle  is  yet 
brought  into  extensive  operation.  It  is  with  difficulty  and  ma- 
nagement that  machinery  can  now  be  introduced  into  that  kingdom, 
if  it  suddenly  interferes  with  the  employment  of  the  poor.  Ths 
risings  of  the  populace  against  the  new  invented  stocking  loom,  a 
year  or  two  ago,  is  a  proof  of  this.  These  stocking  looms  I  heir 
are  now  manufactured  in  New  York  ;  information  of  which  I  re- 
quest my  readers  to  take  notice. 

Looms  for  weavuig  plain  goofls  without  the  aid  of  a  profeved 
weaver,  by  the  power  of  horses,  of  water,  or  of  steam,  arc  now  in 
full  use  near  Boston.  Some  time  ago,  I  saw  at  Harrisburgh  a 
loom  of  this  kind,  in  which  the  shuttle  was  thrown  and  the  treadles 
worked  by  a  very  simple  motion  that  might  be  given  by  the  hand 
or  by  any  kind  of  machinery  that  could  communicate  an  impulse 
to  and  fro.  I  understood  that  a  Mr.  Janes  had  obtained  a  patent 
for  this  invention.  I  can  bear  testimony  that  looms  were  drifc^ 
by  steam  power  about  the  year  1 79 1  in  Manchester.  It  seems  tp 
me  a  kind  of  speculation  in  the  Eastern  states,  to  look  over  the  Re* 
peilory  of  aits,  and  to  take  out  patents  for  English  inventions,  and 
sell  the  patent  rights  to  the  more  careless  and  credulous  ma- 
nufacturers in  tlie  Southern  states.  But  I  wish  it  were  recollect- 
ed, that  by  the  laws  of  the  United  States,  no  patent  can  be  legallf 


<}l)Xained  for  an  invention  already  invented :  no  maQ  ca^  legally 
obtain  a  patent  under  our  federal  laws,  for  merely  introducing  a 
process  or  machine  invented  elsewhere.* 

To  the  best  of  my  recollection)  neither  in  Mr.  Cartwrightfs  or 
in  Mr.  J^es's  loom  was  there  any  contrivance  that  the  work 
should  stop  when  a  thread  broke.  While  the  thread  continued 
irhole  in  the  shuttle,  the  work  was  g^ood ;  but  when  it  broke,  and  a 
hoy  was  not  at  hand  to  stop  the  motion,  the  work  went  on  indeed) 
but  was  defective.  This  defect  I  saw  obviated  by  a  very  ingeni- 
ous contrivance  in  a  loom  constructed  by  Mr.  Siddal,  and  at  work 
about  5  or  6  miles  from  Philadelphia,  at  the  Calico  printing  works^ 
near  the  old  York  Road.  For  this  invention  I  believe  Mr.  Siddal 
has  obtained  a  patent,  and  the  inventor  of  it  certunly  deserves  one. 

The  most  profitable  (that  is  permanently  profitable)  manufiEic- 
tore  any  person  can  enter  into  in  this  country  at  the  present  timei 
is  an  establishment  that  should  combine  the  carding,  the  spinning 
of  cotton-^he  weaving  by  looms  siixiilar  to  those  mentioned  abovci*'' 
qf  plain  calicoes,  shirtings,  sheetings  and  table  cloths-— the  new 

*  Extract  of  a  letter  from  a  friend.  "  Vou  may  have  noted  that  the  j^ 
tent  board,  while  it  existed,  had  proposed  to  reduce  their  decisions  to  a  sys- 
tem qf  rules  as  fast  as  tl)e  cases  prc^nted  should  furnish  materials.  They 
ksd'^done  but  ^ttle  when  the  business  was  turned  over  to  the  courts  of 
justice,  on  wlK>m  the  same  duty  has  now  devolved.  A  rule  has  occurred  to 
me  which  I  think  would  reach  many  of  our  cases,  and  go  fur  towards  se* 
curing  die  citizen  against  the  vexation  of  frivolous  patents.  It  is  to  consider 
the  invention  uf  any  itew  mechanical  power,  or  of  any  new  combination  of 
the  mechanical  powers  already  known,  as  entitled  to  an  exclusive  grant ;  but 
that  tlie  purchaaer  of  Uie  right  to  use  the  invention,  bhould  be  fi«e  to  apply 
it  toevery  purpose  of  which  it  is  susceptible.  For  iustance,  tlie  combination 
of  machinery  for  threshing  wlieat  should  be  applicable  to  the  thresliing  of 
rytt  oats,  beans,  &c.  the  spinning  machine  to  every  thing  of  which  it  may  be 
Ibtmd  capable  :  tlie  chain  of  Duckets,  of  which  we  have  been  possessed 
thousands  of  years,  we  should  be  free  to  use  for  raising  water,  ore,  grains, 
mcalSy  or  any  thing  else  we  can  make  it  raise.  These  rights  appear  suf. 
ficiently  distinct,  and  the  distinction  sound  enough  to  be  adopted  by  the 
judges,  to  whom  it  could  nut  be  better  suggested  than  thruug^h  the  medi«im 
of  the  £njporiumy  should  any  future  paper  of  that  work,  forui&h  place  for 
the  hint;* 

I  luiveno  doubt  whatc^'c^  of  the  justice  of  tliesc  ideas,  or  of  the  prupriefV' 
uf  adopting  them.  T  C. 
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invenlecl  stteking  loom— -and  printing  in  Biogle  colours  engraved 
pattems  by  roller  work.  Such  an  eitablishment  ahould  peace 
come  to-morroWy  under  protecdng  dudes  of  25  per  ccuL  nmtt 
succeed  so  as  to  satisfy  any  reasonable  wishes.  Remember,  u 
present  cotton  is  our  staple :  the  day  is  &st  approaching  when  «e 
shall  even  become  exporters  of  1900/  as  a  raw  materiaL  The  peo- 
ple of  this  country  are  not  aware,  that  we  shall  nerer  conquer  £1^ 
land  but  by  means  of  ourmanu&ctures.  Tatlds  mode  of  warfuc, 
they  are  drinng  us  with  all  their  might;  and  his  not  too  much  to 
lipply  tothem»  Quem  Deus  yultperdere,ptius  demenlii. 

By  tbefaiTentions  above  mentionedf  the  greatest  of  all  our  ^ 
ficuhies  in  the  manu&ctnre  of  cotton  goods»  viz.  the  scarcity  of 
wearers,  is  now  bbrnted;  and  I  hope  the  infonnatioii  here  ginii 
will  spread  and  be  made  use  of. 

Having  introduced  the  Rev.  Mr.  Cartwright  (not  major  Cart- 
might  the  Duke  of  Richmond's  correspondent— Uhe  persevenag 
'advocate  of  a  parliamentary  refiorm,  who  will  never  live  to  see  the 
persons  in  powerrefium  their  own  abuses)  as  an  inventor  of  atestt 
engines  and  of  looms  worked  by  machinery,  I  now  introduce  the 
same  Gentlemaniasa  ph]rsician  and  a  poet,  the  last  chancta' be- 
ing the  earliest  in  which  he  received  the  well-merited  reward  of 
pubUc  approbatian. 

His  proposal  of  ciuing  typhus  and  typhoid  fisordeny  by  yretr, 
^s  the  vehicle  of  wine  and  bark,  deserves  more  trial  than  it  has  re- 
ceived. Dr.  Percival  and  Mr.  Henry  of  Manchester  used  it  fre- 
quently, and  commended  it  highly :  they  used  yeast  also  as  an  ap- 
plication to  ill  conditioned  ulcers,  with  good  success ;  though  I 
suspQCt,  tliat  of  local  applications  of  this  nature,  Mr.  Walker's  car- 
rot poultice  is  one  of  the  most  efiicacious.  I  am  persuaded  how- 
ever that  much  may  be  done  in  those  disorders  also  by  oxygen,  by 
nitrous  oxyd,  and  by  oxymuriat  of  potash  and  aoda.  The  gaaies 
have  not  yet  had  fair  play  as  medicines  :  the  fulure  of  Dr.  Bed- 
does  and  Mr.  Watt  in  Pthisis,  produced  something  like  a  pieju- 
dice  against  them :  though  the  cases  of  Dr.  Thornton  surely  de- 
serve repetition. 

I  insert  the  poem  of  Armine  and  Elvira,  because  I  do  not  re- 
collect that  it  has  been  published  in  this  countr}*:  because  at 
any  rate,  it  is  little  known :  because  it  contains  some  images  s* 
beautiful,  as  hardly  to  be  excelled  in  the  whole  range  of  dcscrip- 
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live  poetry :  and  because  the  elegant  acquirements  of  a  gentleman 
■o  eminent  for  mechanical  improvementSi  well  deaenx  to  be  gene- 
rally  known.  T.  C. 

On  the  efficacy  of  Yeast  in  the  cure  of  those  diseases 

known  by  the  name  ofPutrtdJ^ 

A  remedy,  which  contains  much  fixed  air^  haa  been  lately 
started  by  the  Re^.  Mr.  Cartwright,  which  merits  the  hi^eit  at- 
tenUon.  Seventeen  yearsag^  says  this  gentlemany  I  went  to  re« 
«ide  at  Brampton,  a  very  populous  village  near  Chesterfield.  I  had 
not  been  there  many  months  before  a  putrid  fever  broke  Qut  aipong 
^s :  finding  by  far  the  greater  number  of  my  new  parishooers 
much  too  poor  to  afford  themselves  medical  assistance,  I  under* 
took,  by  the  help  of  such  books  on  tlie  subject  of  medicine  as  were 
in  my  possession,  to  prescribe  for  them.  I  early  attended  a  boy 
about  fourteen  years  of  ag^e  who  was  attacked  by  this  fever;  he 
liad  not  been  ill  many  days  before  the  symptoms  were  unequivoctf^ 
ly  putrid.  I  then  administered  bark,  wine,  and  such  other  reme* 
dies  as  my  book  dir  jcted.  My  exertions,  however,  were  of  qo 
avail ;  his  disorder  grew  every  day  more  imtractable  and  malig- 
nant, so  that  I  waa  in  hourly  expectation  of  his  dissolution.  Being 
under  the  absolute  necessity  of  taking  a  journey,— before  I  set  off 
I  went  to  see  him,  as  I  thought,  for  the  last  dmcy  and  I  prepared 
his  parents  for  the  event  of  his  death,  which  I  considered  as  inevi- 
table, and  reconciled  them  in  the  best  manner  I  could  to  a  loss 
which  I  knew  they  would  feel  severely.  While  I  was  in  conver- 
aadon  on  this  distressing  subject  with  his  mother,  I  observed  in 
a  comer  of  the  room  a  small  tub  of  wort  working ;  the  sight 
brought  to  my  recollection  an  experiment  I  had  somewhere  met 
with,  of  a  piece  of  putrid  meat  \>eing  made  sweet  by  being  sus- 
pended over  a  tub  of  wort  in  the  act  of  fermentation.  The  idea 
instantly  flashed  into  my  mbid  that  the  yeast  might  correct  tlie 
putrid  nature  of  this  disease,  and  I  instantly  gave  him  two  large 
spqonfulls.  I  then  told  tlie  mother,  if  she  found  her  son  better,  to 
repeat  tliis  dose  every  three  hours.     I  then  act  out  on  my  jouniey  £ 

*  The  content!  of  tlils  article  eannot  be  too  gencraUy  known.  How  many 
valuable  lives  are  yearly  lost  by  putrid  sore  throats,  fevers,  &c.  whicli  mi^ht 
be  saved  to  the  coiDnonnity,  and  to  tlieir  relatives,  if  the  cure  here  lecom- 
mended  were  generally  known  and  ntsorted  to !  with  proper  medic:iil  aid, 
however,  where  it  can  be  had.  Arthtir  Yjuo}^. 
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upon  my  return,  afVcf  a  few  days,  T  anxiously  inquik^  about  he 
boy,  and  was  informed  he  was  recovered.  I  could  not  repress  ny 
curiosity :  though  I  was  greatly  fatigued  with  my  journey,  lod 
night  was  come  on,  I  went  directly  to  where  he  lived,  which  wis 
three  miles  oiF,  in  a  wild  part  of  the  moors ;  the  boy  himself  open- 
ed the  door,  looked  surprisingly  well,  and  told  me  he  felt  better 
from  the  instant  he  took  the  yeast. 

After  I  left  Brampton  I  lived  in  Leicestershire :  my  parishkn- 
ers  being  few  and  opulent,  I  dropped  my  medical  chancter  to- 
tirely,  and  would  not  even  prescribe  for  any  of  my  own  £niiilf . 
One  of  my  domestics  falling  ill,  accordingly  the  apothecaiy  was 
sent  for ;  his  complaint  was  a  violent  fever,  which  in  its  progress 
became  putrid :  having  great  reliance,  and  deservedly,  on  the 
apothecary's  penetration  and  judgment,  the  man  was  left  solelj  to 
his  management. 

His  disorder,  however,  kept  daily  gaining  ground,  tin  it 
length  the  apdthecary  considered  him  in  very  great  danger :  at  hn, 
finding  every  effoilto  be  of  service  to  him  baffled,  he  told  me  he 
considered  it  as  a  lost  case,  and  that,  in  his  opinion,  the  man  couU 
not  survive  four-and-twenty  hours.  On  the  apothecary  thus  gxYing 
him  up,  I  determined  to  try  the  effects  of  yeast  I  gave  him  two 
large  table  spdonfuUs ;  in  fifteen  minutes  from  taking  the  yesst, 
his  pulse,  though  still  feeble,  began  to  get  composed  and  folL  He 
in  tMrty-two  minutes  from  his  taking  the  yeast  was  able  to  get  up 
fttmi  his  bed  and  walk  in  his  room.  At  the  expiration  of  the  se- 
cond hour  I  gave  him  a  bason  of  sa^  with  a  good  deal  of  lemoo, 
wine,  and  ginger  in  it ;  he  ate  it  with  an  appetite  :  in  another  hour 
I  repeated  the  yeast ;  an  hour  afterwards  I  gave  the  bark  as  before ; 
at  the  next  hour  he  had  food ;  next  he  had  another  dose  of  yeast, 
and  then  went  to  bed  ;  it  was  nine  o'clock.  I  went  to  see  him  the 
next  morning  at  six  o'clock ;  he  told  me  had  had  a  good  lught, 
and  was  recovered.  I,  however,  repeated  tlic  medicine,  and  he 
was  able  to  go  about  his  business  as  usual. 

About  a  year  after  this,  as  I  was  riding  past  a  detached  Iknn- 
houseatthc  outskirts  of  the  village^  I  observed  a  farmer's  dait£;b- 
tcr  standing  at  the  door,  apparently  in  f^reat  aflliction  ;  on  inqui- 
ring into  the  cause  of  her  distresf,  she  told  me  her  father  vas 
dying.     I  dismounted,  and  m  cnt  into  the  house  to  sec  him. 

I  found  him  in  the  larst  stdgc  of  a  putrid  fever ;  his  tongue  was 
black,  his  pulse  was  scarcely  pcrreptiblf-,  and  he  lay  stretched  out. 
like  a  corpse,  in  a  stiitc  of  dicwsy  Insensibility.     I  inimediau-ly 
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procured  some  yeast,  :(vhich  I  diluted  with  wat^r,  and  poured  it 
down  h»  throat  I  then  left  him,  ^th  little  hopes  of  recovery. 
I  returned  to  him  in  ahout  two  hours,  and  found  him  sensible,  and 
able  to  converse.  I  then  gave  him  a  dose  of  bark ;  he  afterwards 
took,  at  a  proper  interval,  some  refreshment ;  I  staii^  with  him  till 
he  repeated  the  yeast,  and  then  left  him,  with  directions  how  to 
proceed.  I  called  upon  him  the  next  morning  at  nine  oVlock, 
and  found  him  apparently  well,  walking  in  his  garden :  he  was  an 
dd  man  upwards  of  seventy. 

I  have  since  administered  the  yeast'  to  above  fifty  persons  la- 
bouring under  putrid  fevers ;  and,  what  is  singular,  continues  this 
benevolent  clergyman,  <<  I  have  not  lost  one  patient" 

Dr.  Thornton,  whose  opportunities  have  been  great  in  putrid 
fevers,  having  the  superintendance  of  a  dispensary*  which  in- 
cludes the  poor  of  nine  parishes,  and  is  situated  in  the  vicinity  of 
St.  Giles's,  has  made  frequent  trials  of  yeast,  and  speaks  highly 
Id  its  praise. 

One  day,  says  the  Rev.  Mr.  Townsend,  by  accident,  as  Dr. 
Thornton  went  past  a  shopf  in  Tottenham-Court-Road,  he  heard 
the  screams  of  a  mother  who  was  agonized  on  seeing  her  child,  as 
he  thought,  expire.  These  screams  renewed  the  struggles  of 
the  child,  and  the  nurse  who  attended  threatened  to  take  away  at 
this  moment  the  child,  that  it  might  die*  in  quiet.  Dr.  Thornton 
got  down  immediately  some  tartar  emetic,  which  quickly  acted  as 
a  vomit ;  and  after  the  operation  was  over  he  gave  rhubarb^  which 
cleared  the  intestines ;  he  then  ordered  the  child,  every  two  hours, 
3reast  and  water,  with  wine  and  bark,  and  in  three  days  the  dying 
child  was  up  and  well. 

The  infection  had  spread  to  two  others  in  the  same  house :  in 
this  child,  a;id  in  another,  the  putrid  fever  was  attended  with  swell- 
ed glands,  which  suppurated,  and  threatened  gangrene :  in  a  ro- 
bust servant  girl  it  took  the  form  of  a  dreadful  putrid  sore  throat ; 
she  had  an  emetic,  and  afterwards  some  rhubarb,  then  yeast  and 
water  every  two  hours.  The  first  effect  of  this  newly  discovered 
remedy  was  that  of  rendering  the  pulse  fuller,  and  fifteen  beats 
less  in  a  minute,  and  her  black  tongue  soon  assumed  a  clean  and 
red  appearance :  without  bark  or  wine  she  was  speedily  reco- 
vered. 

In  Dr.  Beddoes's  Considerations  there  are  the  following  cures : 
Mr.  Caldwell,  engraver,  (as  Dr.  Thornton  reports,)  requested  him 

•  The  G^n^ral  PiBpcnwry.  i  Mr.  niirford's. 
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to  go  into  Green-street^  LdcegterfieMif  to  attond  B€r.  HaidriU  wIm^ 
he  said,  it  was  gnppoted  would  not  outHTe  the  daf.  I  fiound  him 
fadioniing  under  a  dreadful  putrid  sore  throat ;  the  tongue  wis 
black  and  thick  coated^  and  the  pulse  quick  and  fluttering :  eracu- 
iitiona  bdng  first  premiaedi  yeast  and  bark  In  porter  were  ezhittk- 
ed  erery  two  hours.  His  sister  who  nursed  hina,  was  soon  sfter 
attacked  by  the  same  fever,  but  the  throat  was  not  affected.  Slie 
was  not,  like  her  brothery  confined  to  her  bedt  ^^  her  weakness 
was  so  great  that  she  could  not  walk  across  the  room,  nor  eves 
stand  up  half  a  minute  without  support.  In  both  these  cases  the 
relief  from  the  yeast  was  very  strikingi  and  they  were  soon  cured: 
the  wife  was  also  infected,  who  received  a  similar  benefit  from  the 
yeast. 

The  most  extraordinary  cases,  however,  are  the  fi9lloiriiig>- 
In  Husband-stretft,  a  small  confined  situation  near  Berwick«streev 
«  fever  broke  out,  which,  in  the  short  space  of  a  fbrtnigiit,  in  three 
houses  only,  swept  away  six  persons.  Dr.  ThomtoD*s  •^wj^pMe 
was  at  this  time  called  in  to  Mrs.  WoUot,  No.  I,  in  that  streett 
who  lay  delirious  and  comatose,  with  her  two  children,  all  m  the 
aamebed.  She  refused  medicine  andfiK>d,  and  was  obliged  tohe 
dren^ed,'in  order  to  get  either  down :  an  emetic  and  cathartic  be- 
ing premised,  they  were  all  put  upon  the  same  plan ;  thatis,  were 
to  take,  every  three  hxyota,  two-thirds  of  a  glass  of  freah  porter, 
¥rith  two  table  spdon^uls  of  yeast  and  the  Juice  of  half  a  leiaeo; 
and  the  food,  at  intervals,  was  the  white  of  eggs,  wluch  Dr.  Thorn- 
ton  judged  of  all  things  were  least  subject  to  putrefy,*  beat  up  with 
sugar  and  water ;  and,  as  it  was  the  conimencement  of  summer, 
strawberries  were  also  ordered :  and  without  any  fnitbermedidne 
from  the  apothecary  than  the  emetic  and  purge,  although  the  wo- 
man was  at  first  obliged  to  be  drenched,  yet  she  and  her  whole  funi- 
ly  recovered,  and  this  very  ra|udly. 

Among  the  poor  in  St.  Giles's  nothing  is  adndniatered  by  Dr. 
Thornton,  after  cleansing  the  primae:.vi8e,than  two  table  spooofuUs 
of  yeast  in  some  porter  every  two  hours;  and  out  of  above  foP 
ty  cases,  not  one  has  died  under  this  treatment 

[43  Young^M  ^innaU  fif  A^tulture — 168. 

*  Wc  know  that  cg^s  are  kept  for  a  prat  length  of  time,  and  the  whiit, 
even  under  the  heat  of  a  hen's  bofi/i  dues  not  puti-cfy,  and  it  tenrea  ts  mii^  to 
the  6mbryo  in  the  egg. 
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LEOEKDART  TAtK.    BT  THE  REV.  MR  CABT WEIGHT. 

11?   TWO   FAINTS. 


PART  THE   FIRST, 


A  HERMIT  on  the  banks  of  Trent, 
Far  from  the  world's  bewildering  mai^, 
To  humbler  iKrenes  of  calm  content, 
Had  fled  from  brighter,  busier  days. 

If  haply  fromliis  guarded  breast 
Should  steal  the  unsuspected  sigh, 
And  memory,  an  unbiiklen  guest, 
With  former  passion  fill'd  his  eye : 

Then  pious  hope  and  duty  prais*d' 
The  wisdom  of  th'  unerring  sway ; 
And  while  his  eye  to  heaven  he  rais'df 
Its  silent  waters  sunk  away. 

Life's  gayer  emdgns  once  ^e  bore— 
Ah  \  what  avails  the  mournful  tale  ? 
Suffice  it,  when  the  scenes  were  o'er, 
He  fled  to  the  sequeater'd  vale. 

^  What  tho'  the  joys  I  lov'd  so  well, 

<<  The  charms,"  he  cry'd,  ^<  that  youth  has  known, 

<(  Fly  from  the  Hermit's  lonely  cell ! 

<<  Tetis  not  Armine  still  my  own  ? 

^  Yes,  Armine,  yes,  thou  valu'd  youth  \ 

**  'Midst  ev'ry  grief  thou  still  art  mine ; 

<<  Dear  pledge  of  Winifreda's  truth, 

<*  And  solace  of  my  life's  decline ! 

<^  Tho'  from  the  world  and  worldly  care 
**  My  wearied  mind  I  mean  to  free, 
"  Yet  ev'ry  hour  that  Heav'n  can  spare, 
*•  My  A.rminc,  I  devote  to  thee. 
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<^  And  sure  that  Heav^nmy  hc^es  shall  bless, 

^  And  ihakethee  fam*d  for  wtues  fiuri 

^  And  happ3r  tqpi  if  happiness 

^^  Depends  upon  a  parent's  prayer : 

^<  Last  hope  of  life's  departing  day, 
^<  In  whom  its  future  scenes  I  see ! 
<<  No  truant  thought  shall  ever  stray 
'<  From  this  lone  hermitage  and  thee. 

Thus  to  hb  humble  fate  resign'dy 
His  breast  each  anxious  care  foregoes ; 
All  but  the  care  of  Armine'a  nund» 
The  dearesttask  a  parent  l^ioiirs ! 

And  well  were  all  his  cares  repaid ; 
In  Armine's  breast  each  virtue  grew. 
In  full  maturity  displayed, 
To  fond  affection's  anxious  view. 

Nor  yet  neglected  were  the  charms, 
Topolish'd.life  that  grace  impart ; 
Virtue,  he  knew,  but  feebly  warms, 
Till  science  humaniae  the  heart. 

And  when  he  saw  the  lawless  train 
Of  passions  in  the  youthful  breast, 
He  curb'd  them,  not  with  rigid  rein, 
But  strove  to  soothe  them  into  rest 

«  Think  not,  my  son,  in  this/^  he  cry'd, 
<<  A  fiither's  precept  shall  displease : 
^  No :  be  each  passion  gratifjr'd, 
^^  That  tends  to  happiness  and  ease. 

M  Nor  shall  the  ungrateful  task  be  mine, 
^  Their  native  gen'rous  warmth  to  blarney' 
<<  That  warmth  if  reason's  suffrage  join 
<*To  point  the  object  and  the  aim. 

^  This  suffrage  wanting,  know,  fond  boy( 
<<  That  ev'ry  passion  proves  a  foe : 
^  Tho'  much  it  deals  in  promis'd  joy, 
^<  It  pays,  alas !  in  certam  woe. 

<<  Complete  ambition's  wildest  scheme ; 
tt  Id  power's  mostbrilUant  robes  appear , 
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;   ■ 

^  Indulge  in  fortune's  golden  dream ; 
^  Then  ask  thy  breast  if  peace  be  there. 

^<  No :  It  shall  tell  thee,  peace  retires* 
"  Of  one  of  her  lov'd  friends  deprived ; 
<<  Contentment  calm  subduM  desires, 
"  And  hapi^ess  that's  self-deriv*d.*' 

To  temper  thus  the  stronger  fires 
Of  youth  he  strove,  for  well  he  knew, 
Boundless  as  thought  tho'  man's  desires^ 
The  real  wants  of  life  were  few. 

And  oft  revolving  in  his  breast, 
Th'  insatiate  love  of  wealth  aodfiune. 
He,  with  no  common  care  bppress'd. 
To  fortune  thus  would  oft  exclaim : 

<<  O  fortune  !  at  thy  crouded  shrine, 

<<  What  wretched  worlds  of  suppliants  bow ! 

«  Forever  hail'd  thy  power  divine, 

<*  Forever  breath'd  the  serious  vow. 

^  With  t<4t'ring  pace  and  feeble  knee, 
^  See  Age  advance  in  shaiiieless  haste, 
^  The  palsy'd  hand  is  stretch'd  to  theo, 
^  For  wealth  he  wants  tl^e  power  to  taste. 

<<  See,  led  by  Hope,  the  jrouthful  train  i 
<<  Her  fairy  dreams  their  hearts  have  won ; 
^  She  points  to  what  they  ne'er  sh^l  gain, 
^  Or  dearly  gain — to  be  undone. 

'<  Must  I  too  form  the  votive  prayer, 
^  And  wilt  thou  hear  one  suppliant  more  ? 
^  His  prayer,  O  Fortune  deign  to  hear, 
«  To  thee,  who  never  pray'd  before. 

^  O  may  one  dear,  one  favour'd  youth, 
<<  May  Armine  still  thy  power  disclaim : 
<<  Kneel  only  at  the  shrine  of  truth, 
«^  Count  freedom,  wealth,  and  virtue,  fame  ! 

Lo  !  to  his  utmost  wishes  blest. 
The  prayer  was  hear^ ;  and  freedom's  fla^e, 
And  truth,  the  sunshine  of  the  breast, 
Were  Annine's  wealth,  were  Armine's  fame. 
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His  heart  no  selfish  cares  confin'd) 
He  feh  for  all  who  feel  distress^ 
And  still  benevolent  and  kind. 
He  bless'd  them,  or  he  wish'd  to  bleto. 

For  what  tho*  Fortune's  frown  denf. 
With  wealth  to  bid  the  sufferer  Uve^ 
Tet  Pity's  hand  can  oft  supply 
A  balm  she  never  knew  to  give : 

.Can  oft  with  lenient  drops  assuage 
The  wounds  no  ruder  hand  can  heal. 
When  grief,  despair,  distraction,  rage  ; 
While  death  the  lips  of  love  shall  seal. 

Ah !  then,  his  anguish  to  remove. 
Deprived  of  all  his  heart  holds  dear^ 
How  sweet  the  still  surviving  love 
Of  friendship's  stmle,  of  pity's  tear ! 

This  knew  the  Sire :  he  oft  would  cry, 
^  From  these,  my  son,  O  ne'er  depart ; 
^  These  tender  charities,  that  tie 
<<  In  mutual  league  the  human  heart. 

<<  Be  thine  those  feelings  of  the  mind, 
<<  That  wake  at  honour's,  friendship's  call ; 
^  Benevolence,  that  unconfin'd, 
<<  Extends  her  liberal  hand  to  all. 

«  By  sympathy's  untutorM  voice,      ' 
*^  Be  taught  het*  social  laws  to  keep; 
«  Rejoice,  if  human  heart  rejoice, 
<<  And  weep,  if  himian  eye  shall  weep. 

(<  The  hcaii,  that  bleeds  for  others  woes, 
*<  Shall  feel  each  selfish  s6rrow  less ; 
*'His  breast,  who  happiness  bestows, 
<<  Reflected  happiness  shall  bless. 

<'  Each  ruder  passion  still  withstood, 
"  That  breaks  o'er  virtue's  sober  line, 
"  The  tender,  noble,  and  the  good 
"  To  cherish  and  indulge,  be  thine. 

"  And  yet,  my  Armine,  might  I  name 
.*<  One  passion  as  a  dangerous  guest ; 
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*'  Well  ma)r*8t  thou  wonder  when  I  bjamo 
"  The  tenderest,  noblest,  and  the  best. 

«  Nature  'tis  true,  with  lovedesign'd 
**  To  sooth  the  race  our  fathers  ran ; 
"  The  savage  of  the  human  kind 
**  By  Love  was  softcn'd  into  man. 

"  As  feels  the  ore  the  searching  fire, 

<'  Expanding  and  refining  too, 

"  So  fairer  glow'd  each  fair  desire, 

"  Each  gentle  thought  so  gentler  gi'ew. 

<<  How  chang'd,  alas !  those  happier  days  I 
"  A  train  how  different  now  succeeds  ! 
"  While  sordid  avarice  betrays, 
**  Or  empty  vanity  misleads. 

"  Fled  from  the  heart  each  nobler  guest, 
*'  Each  genuine  feeling  we  forego  j 
^<  What  nature  planted  in  the  breast, 
"  The  flowers  of  love  are  weeds  of  woe. 

<<  Hence  all  the  pangs  the  heart  must  fee]> 

ft 

<<  Between  contending  passions  tost, 
"  Wild  jealousy's  avenging  steel, 
<^  And  life  and  fame  and  virtue  lost ! 

^  Yet  falling  life,  yet  fading  fame» 
^  Compar'd  to  what  his  heart  annoy, 
<<  Who  cherishes  a  hopeless  flame, 
<<  Are  terms  of  happiness  and  joy. 

^<  Ah  !  then  the  soft  contagion  fly ! 
<<  And  timely  shun  th'  alluring  bait!** 
The  rising  blush,  the  downcast  eye, 
Procfcdm'd— <he  precept  was  too  late. 


PART  THE  SECOA^'D. 


DEEP  in  the  bosom  of  the  wood, 
Where  art  had  form'd  the  moated  isle, 
An  antique  castle  tow'ring  stood, 
9n  Gothic  grandeur  rose  the  pile. 
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Here  Raymondy  long  in  arms  re^irifdy 
Frotn  scenes  of  war  would  oft  repau* ; 
His  bed  an  only  daughter  crown'd} 
And  smil'd  away  a  fether's  care. 

By  nature's  happiest  pencil  drawn. 
She  wore  the  vernal  morning's  ray: 
The  vernal  moming^s  blushing  dawn. 
Breaks  not  so  beauteous  into  day. 

Her  breast,  impatient  of  controul, 
Scom'd  in  its  ulken  chuns  to  lic^ 
And  the  soft  language  of  the  soul 
Flow'd  from  her  tiever-silent  eye. 

The  bloom  that  open'd  on  her  face. 
Well  seem'd  an  emblem  of  her  mind> 
Where  snowy  innocence  i^e  trace. 
With  blushing  modesty  combin'd. 

To  these  resistless  grace  impart, 
That  look  of  sweetness,  fbrm'd  to  please^ 
That  elegance  devoid  oi'  art, 
That  digtuty  that's  lost  in  ease. 

What  youth  so  cold  could  view  unmov'd, 
The  maid,  tliat  ev'ry  beauty  shar'd  ? 
Her  Armine  saw ;  he  saw,  he  lov'd. 
He  lov'd — alas  !  vniL  lie  dcspsdr'd  ! 

Unhappy  youth  I  he  sunk  opprest, 
For  much  he  laboured  to  conceal 
Tliat  gentlest  passion  of  the  breast. 
Which  all  can  feign,  but  few  can  feel. 

Ingenuous  fears  suppress'd  the  fiame. 
Yet  still  he  own'd  its  hidden  powet ; 
With  transport  dwelling  on  her  name, 
lie  sooth'd  the  solitary  hour. 

**  How  long,"  he  cry'd,  "  mu?t  I  conceal 

"  What  yet  my  heait  could  wish  were  known  \ 

"  How  k>:i5  the  truest  passion  feel, 

"  And  yet  that  passion  fear  to  own  ? 

«  Ah  !  miglit  I  breathe  my  humble  vow  I 
"  Mig])t  ^'hc  too  deign  to  knd  an  ear  ! 
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<^  Elvira's  self  should  then  allow 
«  That  Annine  was  at  least  sincere. 

«  Wild  wish  I  to  deem  the  matchless  maid, 
«  Would  listen  to  a  youth  like  me, 
^(  Or  tliat  my  vows  could  e'er  persuade, 
«<  Sincere  and  constant  though  tliey  be. 

(<  Ah  !  what  avails  my  love  or  truth  ? 

^^  She  listens  to  no  lowly  swain ; 

<<  Her  charms  must  bless  some  happier  youth^ 

<^  Some  youth  of  fortune's  titled  train. 

<'  Then  go,  fallacious  hope !  adieu  ! 
*^  The  flattering  prospect  I  resign  I 
<^  And  bear,  from  my  deluded  view, 
^'  The  bliss  that  never  must  be  mine. 

"  Yet  will  the  youth,  who  e'er  he  be, 
'<  In  truth  or  tenderness  excel? 
^^  Or,  will  he  on  thy  charms  like  me 
^*  With  fondness  never-dying  dwell  ? 

'<  Will  he  with  thine  his  hopes  unite  I 
"  With  ready  zeal  thy  thoughts  improve  ? 
^  With  fond  attention  and  delight, 
^  Each  wish  prevent,  each  fear  remove  ? 

<<  Will  he,  still  faithful  to  thy  charms, 
"  For  constant  love  be  long  rever'd  ? 
<<  Nor  quit  that  bliss  within  thy  arms, 
"  By  every  tender  tie  endear'd  ? 

<^  What  though  his  boastful  heart  be  vain 
"  Of  all  that  birth  or  fortune  gave  ? 
^  Yet  is  ndt  mine,  though  rude  and  plain, 
:<  At  least  as  noble  and  as  brave  ? 

"  Then  be  its  tender  suit  preferr*dJ 
^  Its  tender  sighs  Elvira  hear  \ 
<<  In  vain  I  sigh«*but  sigh  unhear'd ; 
«<  Unpity'dfal  sthis  lonely  tear !" 

Twice  twelve  revolving  moons  had  past; 
Since  first  he  caught  the  fatal  view ; 
Unchang'd  by  time  his  sorrows  last, 
Uncheer'd  by  hope  his  passion  grew^ 
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That  passkm  to  indiilge  he  sought. 
In  Rajmoiid's  groTes,  the  deepest  shmde  ; 
^  There  fiuicy's  hanntiiig  spirit  broiight 
The  image  of  his  long-loy'd  maid. 

But,  hark !  what  more  than  mortal  sound 
Steals  on  attention's  raptnr'd  ear ! 
The  voice  of  harmony  around 
Swells  in  wild  whispers  soft  and  clear. 

Can  human  hand  atone  so  fine 

Sweep  from  the  string  with  touch  profane  ? 

Can  human  lip  with  breath  divine 

Pour  on  the  gale  so  sweet  a  strain  I 

'Tis  she — the  source  of  Armine's  woe — 
'Tis  she-^whence  all  his  jojrs  must  spring— 
From  her  loy'd  lips  the  numbers  flow. 
Her  magic  hand  awakes  the  string. 

NoW}  Armihe,  now  thy  love  proclaim, 
Thy  instant  sidt  the  time  demands  \ 
Delay  not— -tumult  shakes  his  frame  ! 
And  lost  in  ecstacy  he  stands ! 

What  ma^c  chains  thee  to  the  ground  ? 
What  star  malignant  rules  the  hour. 
That  thus  in  fix'd  delirium  drown'd, 
Each  sense  intranc'd  hath  lost  its  power  I 

The  trance  dispel !  awake !  arise  \ 
Speak  what  untutor'd  love  insures  I 
The  moment's  past— thy  wild  surprise 
She  see,  nor  unalartn'd  retires. 

«  Stay,  sweet  illusion !  stay  thy  flight  \ 
^^  'Tis  gone  !  Elvira's  form  it  wore— 
«  Yet  one  more  glimpse  of  short  delight  1 
<<  'Tis  gone— to  be  beheld  no  more  ! 

<^  Fly,  loit'ring  feet !  the  charm  pursue, 
<<  That  plays  upon  thy  hopes  and  fears ! 
<^  Ha !  no  illusion  mocks  my  view  \ 
*  'Tis  she— Elvira's  self  appears ! 

^  And  shall  I  on  her  steps  intrude  \ 
<<  Alarm  her  in  these  lonely  shades  ? 
^  O  stay,  fair  nymph !  no  ruffian  rude 
^  With  base  intend  yo«r  walk  invade. 
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<<  Far  gentler  thoughts*—"  his  Dsiuh'ring  tongue, 
By  humble  diffidence  restrained, 
PausM  in  sutpence-— but  thus  ere  long^ 
As  love  impcird,  its  power  regained. 

^'  Far  gentler  thoughts  that  form  inspires  \ 
^  With  me  far  gentler  passions  dwell ; 
<'  This  heart  hides  only  blameless  fires, 
<<  Yet  bums  with  what  it  fears  to  tell. 

"  The  fault'ring  voice  that  fears  controul, 
"  Blushes  that  inward  fires  declare, 
^<  Each  tender  tumult  of  the  soul 
^<  In  silence  owns  Elvira  there." 

He  ssud ;  and  as  the  trembling  dove, 
Sent  forth  to  explore  the-  wat'ry  plain, 
Soon  fear*d  her  flight  might  fatal  prove, 
And  sudden  sought  her  ark  again. 

His  heart  recoil'd ;  as  one  that  ru'd 
What  he  too  hastily  confest, 
And  all  the  rising  soul  subdu'd. 
Sought  refuge  in  his  inmost  bremsti 

The  tender  strife  Elvira  saw 
Distrest ;  and  as  some  parent  mild, 
When  arm'd  with  words  and  looks  of  awe, 
Melts  o'er  the  terrours  of  her  child. 

Reproof  prepar'd  and  angry  fear 
In  soft  sensations  died  away : 
They  felt  the  force  of  Armine's  tear, 
And  fled  from  pity's  rising  sway. 

^<  That  mournful  voice,  that  modest  air, 
^  Young  stranger,  speak  the  courteous  breast, 
<'  Then  why  to  these  rude  scenes  repair, 
^  Of  shades  the  solitary  g^est  ? 

'^  And  who  is  she,  whose  fortimes  bear 
^  Elvira's  melancholy  name  ? 
<<  O  may  those  fortunes  prove  more  fairi 
<<  Than  her's,  who  sadly  owns  the  same ! 

'^  Ah !  gentle  maid,  in  mine  survey 

"  A  heart,"  he  cries,  "  that's  your's  alone  ! 

^*  Long  has  it  own'd  Elvira's  sway, 

*<  Tho'  long  unnotic'd  and  uitoown. 
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"  On  Kberwood's  old  heroic  plkiti^  1 

«  £lTit«  gracM  the  festal  day, 

<<  There,  fweroost  of  the  youthful  ii 

"  Her  ArnUne  bore  the  prize  Awty. 

"  There  first  that  form  my  eye  si 

"  With  future  hopes  that  fill'd  my  hea 

"  But  ab  '.  beneath  that  frown  they  b 

"  D^MTt,  vain,  vanquish'd  hopes  ! 

He  said  ;  and  cm  the  ground  his  eyes 

Were  fix'dabash'd:  the  attentive  maid,^ 

Lost  ill  the  tumult  of  surprise, 

The  well-remember'd  youth  survey'd. 

The  transient  colour  went  and  came, 

The  struggling  bosom  sunk  aad  rose, 

The  trembling  tumults  of  her  frame 

The  strong-conflicting  soul  disclose. 

The  time,  the  scene,  she  saw  with  dre«d, 

Like  Cynthia  setting  glanc'd  a.vja.y. 

But  scattetM  blushes,  as  she  fled, 

Blushes,  that  spoke  a  brighter  day. 

A  friendly  shepherd's  neighbouring  ahed 

To  pass  the  live-long  night  he  sought. 

And  hope,  the  lorer's  downy  bed, 

A  sweeter  charm  than  slumber  brought. 

On  ev'ry  thought  Elvira  dwelt, 

The  tender  air,  the  aspect  kind, 

The  pity  that  he  found  she  felt. 

And  all  the  angel  in  her  mind. 

No  self-plum'd  vanity  wasthert,    , 

With  fancy'd  consequence  elate ; 

Unknown  to  her  the  haughty  aii- 

That  means  to  speak  auperior  state. 

Her  brow  no  keen  resentments  ami, 

No  swell  of  empty  pride  she  knew, 

In  trivial  minds  that  take  the  alann. 

Should  humble  love  inspire  to  sue. 

Such  love,  by  flattering  charms  betray 'd. 

Shall  yet,  indignant,  soon  rebel, 

And,  blushing  for  the  choice  he  made, 

Shall  flywhere  gentler  virtues  dwelt. 
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'Tis  then  the  mmd,  from  bondage  frei^i 
And  all  its  former  weakness  o'er^ 
Asserts  its  native  dig^ty> 
And  scorns  what  folly  priz'd  biefort*. 

The  scanty  pane)  the  riiung  n^y 
On  the  plain  wall  in  diamonds  threw  ^ 
The  lover  hail'd  the  welcome  day^ 
And  to  his  &v'rite  scene  he  flew. 

There  soon  Elvira  bent  her  way. 
Where  long  her  loqely  walks  had  beeo^ 
Nor  less  had  the  preceding  day, 
Nor  Armine  less  endear'd  the  scene. 

OR,  as  she  pass'd,  her  rising  heart 
Its  strongest  tenderness  confes'd. 
And  oft  she  lingered  to  impart. 
To  some  soft  shade,  her  secret  breast* 

<<  How  slow  the  heavy  hoip^  advance," 
She  cry'd,  ^  since  that  eventful  day, 
<*  When  first  I  caught  the  fatal  glance, 
*<  That  stole  me  from  myself  away ! 

«  Ah  !  youth  belov'd !  tho*  low  thy  birth, 
<<  The  noble  air,  the  manly  grace, 
<<  That  look,  that  speaks  superior  worth, 
^  Can  £Eiahion,  folly,  fear,  erase  ? 

<^  Yet  sure  from  no  ignoble  stem 
<^  Thy  lineage  springs,  though  now  unknown ; 
<<  The  world  censorious  may  condemn, 
<<  But,  Armine,  I  am  thine  alone. 

<<  To  splendour  only  do  we  live  ? 
<<  Must  pomp  alone  our  thoughts  employ  \ 
«<  All,  all  that  pomp  and  splendour  give 
<(  Is  dearly  bought  with  love  and  joy ! 

«<  But  oh  ! — ^the  favoured  youth  appeara— - 
*'  In  pensive  grief  he  seems  to  move ; 
^'  My  heart  forebodes  unnumber'd  fears ; 
"  Support  it,  pity,  virtue,  love  ! 

<<  Hither  his  foot-steps  seem  to  bend— 
'<  Come,  resolution,  to  my  aid ! 

Vol.  III.  3  N 
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«  My  breait  whatTarying  paraonsTenl  { 
<<  Ayerse  to  g^o-^o  stay  afhdd^'^ 

^  Dear  object  of  eacH  fcmd  delui«  * 
^  That  throbs' tumultuchisin*inyb'reaat1 
"Why  with  averted' gfhnccr«firc? 
^  At  Armine*8  prieiiciice  why  difttiSit  ? 

"  What  thodgh'he  boiiats  no'tiileid  name^ 
"  No  wide  extent'  of  libh  dfoilialii  ? 
"  Yet  must  he  feed  a  f ruitlew'  ffa£e, 
«  Must  troth'  abd  itftare  plead  m  yaSn?" 

«  Think  not,"  sKe  sidd,  «l>y  fonb*'  betrtiy'di 
«  To  humbled  WorUi  mf  h^rt'isbHiid ; 
<^  For  soon  sbidl'  every  s^tebdbu)*  &dt^ 
«  That  beams  notfrom»the  gifted  mimi 

^  But  first  thy  hbdt  eitidore  vAth  care, 
^  With  fid^  Its  foAff  emodons  pnSve, 
<<  Lurks  no  unworoqr  i>a38ion  tli^re  ? 
«  Promptrnbt  aniibitiotib^d  to  love  V* 

«  Yes  IbVdjr  maid/'  the  youth  replies, 
^  A  bold  aitibldi^  proinpts^  ifty  breajti^'' 
<<  The  tbw'rin'g  hope  that  love  suppli^ 
^  The  wish  in  bleftsing  to  b^  bleat. 

«  The  mWaher  prosj^cts J  despise ' 
<<  That  wealth,  or  ralnk,  of  pawV  bistbW  ; 
♦<  Be  your's  th6  grov^HrngblTss  ye  prize, 
«  Ye  sordid  minds,  that  stoop  so  low ! 

«  Be  mUie  the  nfiore  refiti*d  delights 
M  Of  love,  that  banishes' controul, 
(<  When  the  fond  heart  with  heai*t  unhdb, 
<<  And  sotirs  ihuhisoh  with  soul.** 

Elvira  blush'd  the  Warm  reply, 
(To  love  a  language  not  uhkbown) 
The  milder  glories  fifl'd  her  eye, 
And  there  a  softer  lustre  shone. 

The  yieldinn^  smile,  that's  half  supprest, 
The  short  quick  breath,  the  trembling  tear* 
The  ^Well  tumultuous  of  the  breast, 
In  Armine's  favoyr  all  appear. 


f 

At  each  kind  f^lance  their  «ouls  uiutCy 
"While  loves  soft  sj^mpatby  imparts 
That  tender .  transjport  of  delight, 
That  heats  in  undivided  hearts. 


■ « I  I-  1  •  ■ « 


Respectful  ^\p(l^  Ups  ,be  pi^est 
Her  yielded  liai^  t-rin  haste  i^wajr 
Her  yielded  hand  Jhe  dcew  disti:est, 
With  logks  that  w^neas'd  wild  dimay ! 

^  Ah !  wheQce»(4ir.q3LGeHence  1  .those  fears  ? 
^  What  terror  unforeseen  alarms  ? 
«  See  where  a  Other's  frown  appears"—^ 
She  said  ai|d  sunk  into  his  arfk^. 

"  My  daughter  !-«Heav'na !— it  canqothe^- 

^<  And  yet  it  must*^0  dire  disgrace ! 

<<  Elvira  have  I  li^'d  to  see 

^  Clasp'd  in  apeasant's  vi)e  embn^ce  i 

<<  This  daring  guilt  let  .death  repay**-^^— 
His  vengeful  arm  the  jav«lin  threw ; 
With  erring  urn  ^it  winpi'd  its  .wjyi 
And  &ri  by  &te  avertcd»^e]0r. 

Elvira  breat^e^-rher  .pyl^abeat, 
Retuming-life  illumes  her  eye ; 
Trembling  a,  fiber's  yiewtom^et. 
She  spies  a  reyejrei}d  hermit  nigh. 

«  Your  wruth^**  she  cries, "  let  tears  assuage, 

^  Unheeded  must  Elvira  pray  ! 

"  O  let  an  injur'd  father*s  rage 

<<  This  hermit's  sacred  presence  stay  \ 

"  Yet  deem  not,  lost  in  guilty  love, 
"  I  plead  to  save  my  virgin  fame ; 
<<  My.weaHness  virtue  miglit  fipprove, 
"  And  smile  on  nature's  holy  flame."—— 

^  Oh !  welcome  to  my  hopes  again, 
«  My  son,"— the  raptured  hermit  cries, 
'^  I  sought, thee  sorrowing  on  the  plain," 
And  all  the  father  fiU'd  his  ^yes. 

'^  Art  thou,"  the  raging  Raymond  said, 
^^  Of  this  audacious  boy,  the  sire  ? 
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^  Ctme  on  the  dirt  that  idly  sped, 
M  Nor  bid  hb  peasant  soul  expire  ?" 

^  His  peasant  soul  !"^-indigiiant  fire 
Flash'd  from  the  conscious  fieither's  eye, 
^  A  gallant  Earl  b  Armine's  sire, 
^  And  know,  proud  chief,  that  Earl  am  I. 

^  Tho*  here  within  the  hertnit*s  cell, 
^  I  long  have  Kv'd  unknown  to  fame, 
"  Yet  crouded  camps  and  courts  can  tell— 
^  Thou  too  hast  heard  of  £gbert*s  name. 

«  Ha !  Egbert ! — ^he,  who  tyrant  rage 
*Forc*d  from  hb  country's  bleeding  breast  ? 
^  The  patitm  of  my  orphan  i^e, 
^  My  friend,  my  warrior,  stands  confest  I 

^  But  why  ?"— **  The  painful  story  spare, 
«  That  prostrate  youth,"  said  Egbert,  «  see  ; 
^^  His  anguish  asks  a  parent's  care, 
"  A  parent,  once  who  pity'd  thee  !" 

Raymond,  as  one,  whSci  glancing  round, 
Seems  from  some  sudden  trance  to  start, 
Snatch'd  the  pale  lovers  from  the  ground. 
And  held  them  trembling  to  his  heart. 

Joy,  gratitude,  and  wonder  shed 
United  tears  for  Hyraen's  reign. 
And  nature  her  best,  triumph  led, 
For  love  and  virtue  join'd  her  train.- 


DESULPHURATION  OF  METALS. 

Memoir  upon  the  De^ul/ihuration  of  MetaU.    J9y  M.  Gu£ ni- 
veau, Engineer  </  Minee.      31  Phil,  Mag.  213. 

AMONG  the  number  of  metallic  sulphurets  which  nature  pre- 
sents to  us,  there  are.  several  the  decomposition  of  which  is  very 
^nt  in  the  arts  :  tiie  sulphurets  of  iron,  copper,  lead,  mer- 
qpive  place  to  metallurgical  processes  highly  deservii^ 
tion  of  chemists. 
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The  nature  and  properties  of  these  compounds  are  well  known^ 
^nce  chemists  have  so  frequently  made  them  an  object  of  enqui- 
ry. The  facts,  however,  collected  in  laboratories  have  never  been 
carefully  compared  with  those  furnished  by  the  workshops,  al- 
though it  is  very  well  known  that  the  latter  description  of  experi- 
ments furnish  the  most  useful  results  ;  and  the  theory  of  various 
operations  to  which  we  subject  the  sulphurets,  has  not  kept  pace 
with  the  relative  progress  of  science.  It  is  my  intention,  in  the  Me- 
moir, to  supply  what  *  is  wanting  in  this  respect :  for  this  purpose, 
I  have  made  various  experiments,  and  collected  several  observa- 
tions long  known  :  to  these  I  have  added  some  reflections  ^culiar 
to  myself,  and  have  deduced  from  their  e:;^amination,  consequen- 
ces which  may  be  productive  of  some  changes  in  the  ideas  gene- 
rally entertained  respecting  the  treatment  of  the  metallic  sulphu- 
rets. 

$  Of  the  Action  of  Heat  ufionthe  metallic  SulfikuretM, 

The  action  of  heat  .upon  the  metallic  sulpliurets  should  be 
first  examined,  because  it  is  to  be  met  with  in  all  the  operations 
by  which  we  seek  to  decompose  these  substances :  in  order  to  ap- 
preciate it  in  a  precise  manner,  I  have  made  choice  of  expcriv 
ments  and  observations  in  which  this  action  is  entirely  isolated, 
which  is  worthy  of  observation ;  for  it  is  because  we  have  not  ana- 
lysed the  effects  produced  by  several  causes,  Uiat  we  have  been 
led,  in  metallurgy,  to  ascribe  to  caloric  alone  a  de-sulphurating 
power,  which  it  does  not  seem  to  possess  in  any  great  degree. 

The  sulphurets  of  mercury  and  of  arsenic  are  volatilized  in 
close  vessels,  when  they  are  exposed  to  a  temperature  somewhat 
raised.  The  sublimed  sulphuret  is  frequently  altered  in  its  colour ; 
and  the  experiments  of  Messrs.  Proust  and  Thenard,  show  that 
this  change  is  the  consequence  of  a  variation  in  the  proportion  of 
the  elements  of  this  compound. 

The  native  sulphuret  of  iron  (pyrites  of  iron)  undergoes  a  par- 
tial decomposition  only  from  the  caloric :  by  distilling  it  in  a  re- 
tort, we  cannot  extract  fi*om  it  the  half  of  the  sulphur  which  it 
contains*.  In  Saxony,  the  distillation  of  pyrites  upon  a  large 
scale  never  yields  more  than  from  13  to  14  per  cent,  of  sulphurf. 

These  facts  not  being  sufiicient  to  decide  my  opinion  upon  the 
effects  of  heat,  because  all  the  experiments  which  have  come  to 

*  Proust,  Journal  de  Ph/siqvs,  tome  liii. 

+  Srhliut€i\  tome  ii  p.  ^'^R,  of  the  French  tr:ir.<latlc:v 
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mj  k:xam]c6^  vcre  made  at  a  temperature  a  little  raised,  I  pn- 
ceeocd  in  the  fbllowiiig  maaaer :  I  pot  into  a  crucible,  pyrites  4 
im  pulTcrized :  corered  it  with  charcoal  in  powdcTi  and  heated  k 
m  the  fiorge  for  an  hour ;  1  foond  a  mass  still  presenring  all  the 
characters  of  pjiites :  it  seemed  to  hare  been  complete] j  meltd, 
and  retained  two  thirds  of  the  sulphur  contained  in  the  natural  py- 
rites. This  experiment  being  re]>eated,  left  me  in  no  unceitaio^ 
upon  the  effects  of  heat  by  iuelf,  upon  sulphuret  of  iroD,  and  I 
thought  I  might  conclude,  that,  whatever  be  the  temptratnR, 
these  effects  produce  a  partial  decomposition. 

Sqipburetted  copper  and  pyritous  copper,  submitted  to  tlie  ac* 
tion  of  heat,  produce  effects  analogous  to  those  observed  with  res- 
pect to  iron :  the  distillation  of  the  pyritous  <»pper  furnished  hoi 
very  little  sulphur :  these  two  kinds  of  minerals  of  copper  may  m 
short  be  considered  as  mixtures  of  the  sulphurets  of  copper  and 
of  iron,  and  the  sulphur  which  heat  separates  from  it,  proceeds  il* 
most  entirely  from  the  sulphuret  of  iron. 

The  sulphuret  of  lead,  or  galena,  is  one  of  those  Dunenb  the 
tiTatment  of  which  was  most  various :  all  chemists  agree  in  re« 
garding  it  as  composed  of  sulphur  and  lead  only,  in  the  propcatioii 
of  15  of  the  former,  and  85  of  the  latter.  I  was  the  more  careM 
in  observing  the  effects  of  caloric  upon  the  galena,  because,  fay 
trying  to  separate  the  sulphur  from  it  by  tlus  agent,  I  expected  to 
obtain  lead  in  a  metallic  state,  the  wdght  and  fuaibili^  of  which 
render  the  re-union  very  easy.  It  was,  besides,  very  easy  for  mib 
to  operate  without  the  contact  of  atmospheric  air. 

I  put  into  a  retort  30  grammes  of  galena  reduced  to  powder, 
which  I  heated  for  two  hours,  but  not  so  strongly  as  to  make  it  ag^ 
f^luUnate :  a  very  little  sulphuric  acid  only  waa  disengaged,  pip- 
duced  by  the  action  of  the  ur  of  the  vessels,  and  I  percdved  no 
sulphur  sublimed  at  the  neck  of  the  retort.,  I  increased  the  fire 
for  about  two  hours  more,  until  the  g^ena  and  the  vessd  which 
contained  had  undergone  a  kind  of  fusion.  The  sulphur  Tolatilized 
in  this  second  part  of  the  operation  was  in  so  small  a  quantity  that 
it  was  not  possible  for  me  to  detach  and  weigh  it:  the  residue  was 
of  a  metallic  lustre ;  it  was  agglutinated,  and  did  not  contain  an 
atom  of  ductile  lead*. 

'  There  are  few  cheniistg  wlio  liave  not  made  this  ezperiment  widi  siouhr 
its.    1  may  liei-e  remark,  tlmt  if  the  heat  had  been  long  enough 
\  tlie  ojHfu  aii%  tlie  galena  would  have  been  completely  roasted^ 
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'  The  heat  not  haying  been  very  strong  m  this  escperiment,  I  sub* 
iflittied  to  the  fire  of  a  forge  some  pulvenzed  galena,  placed  hi  a 
crucible,  and  covered  with  charcoal  in  powder.  I  found  a  mftss 
Which  had  been  melted,  and  similar  to  what  is  called  rhatte  de 
fioinb  by  the  French  metallurgists ;  there  was  no  lead  free  from  siil- 
plrar,  but  only  some  parts  of  the  button  were  a  little  ductile.  Aha- 
l^s  convinced  nie  that  there  remained  about  thfee  fifths  of  the 
stilphur  contidned  in  the  galena.  I  attributed  apart  of  the  loss  of 
S7  per  cent,  which  it  had  undergone  by  the  action  of  the  fire,  to  the 
Volatilization  of  the  sulphurct  of  lead  itself;  for  the  l6ss  owinl;  t6 
the  sisparatibh  of  the  sulphur  could  not  exceed  six  per  cent,  at 
liiost. 

The  galena  therefore  undergoes  but  a  very  incomplete  decom- 
position from  heat. 

I  shall  not  particularize  the  sulphurcts  of  zinc,  antinabiiy.  See. 
because  I  do  not  know  a  sufiiclent  number  of  experiments  for  ii' 
terrhining,  in  a  certain  manner,  the  effects  which  heat  produces 
upon  them :  analogy,  however,  inclines  me  to  think  that  it  does  not 
cbnipletely  decompose  them. 

All  the  facts  I  have  presented  seem  to  me  to  establish,  that  the 
action  of  caloric  alone  upon  the  metallic  su1phure(s,  and  particu- 
larly of  those  upon  iron,  copper,  and  lead,  is  confined  to  their  tak- 
ing from  them  a  small  portion  of  the  sulphur  which  they  contain, 
and  afterwards  in  melting  and  volatilizing  them. 

^  IF.   O/  the  simuitaneoun  Action  of  lUat^  and  jitmo»fiheri€  Jflr 

Ufion  the  metallic  Sulfihurcte, 

The  metallurgic  operation  which  has  for  its  object  the  de-sul- 
phuration  of  the  metals  is  known  by  the  name  of  roasting;  Most 
ot  the  authors  who  have  spoken  of  it  do  not  seem  to  have  recog- 
nized any  other  agent  in  the  decomposition  except  caloric;  and 
even  those  who  since  the  new  chemical  theories  have  remarked 
the  influence  of  the  atmospheric  air,  have  never  regarded  it  as  es- 
sential*. The  experiments  I  have  detailed  having  shewn  how  the 
action  of  heat  alone  is  insufficient  for  decomposing  a  metallic  sul- 
phuret,  we  must  necessarily  ascribe  to  the  oxygen  of  the  atmos- 
phere the  g^atest  share  in  the  de-sulphuration  of  the  metals  by 
roa$ting.    The  aflhiides  of  sulphur  and  of  metallic  substances  for 

*  Macqaer,  in  this  respect,  agrees  with  the  mttallargists.  We  find  in  his 
Dictionary  of  chemistry  the  following  passage  :  '*  There  are  several  methods 
•T  separating  sulphur  ftom  metal^G  suhsUnces  :  in  tbe  first  place,  is  siUphi|r 
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this  principle  render  this  assertion  very  probable  ;  it' is  betides 
proved  by  the  chemical  examination  of  the  produce  of  all  the  rosit- 
ing)  as  well  as  by  the  way  in  which  the  operation  is  conducted. 
In  place  of  seeing  in  the  roasUng  of  the  sulphurets  the  volatihsa^ 
tion  of  the  sulphur,  produced  by  a  vell^manag'ed  heat,  it  will  be 
the  decomposition  of  a  suiphuret  by  the  simultaneous  action  of  the 
air  and  of  caloric :  and  the  well  known  necessity  of  not  mehiii^ 
the  ores  does  not  seem  to  be  recommended  in  consequence  of  the 
fear  of  communicating  to  it,  together  with  liquidity,  a  force  of  co- 
hesion which  will  oppose  the  separation  of  the  sulphur ;  but  ladier 
becdUfte  this  state  will  confine  the  action  of  the  air  to  a  %uihctj 
which,  not  being  capable  of  being  renewed,  will  be  soon  covered 
by  the  metallic  oxyd.  The  combination  of  the  oxygen  with  the 
elements  of  the  sulphurets,  gives  birth  to  oxyds  and  to  acids,  the 
affinities  of  which  have  great  Influence  upon  the  separation  of  the 
sulphur,  and  the  results  of  a  roasting :  the  lattter  generally  present 
a  mixture  of  oxyd,  of  sulphat,  and  of  indecomposed  suiphuret 
I  shall  examine  separately  and  in  detail  the  roasting  of  sevenl 
kinds  of  sulphurets,  because  the  nature  of  the  me^  produces 
great  modifications  in  their  results ;  and  shall  presently  show, 
why,  and  in  what  form,  the  sulphur  is  separated. 

Roaating  of  Pyritou*  Copfier, 

Wc  arrange  pieces  of  pyritous  copper  upon  faggots,  in  such 
a  way  as  to  make  the  combustion  continue  a  long  time.  The  first 
application  of  the  licat  separates  a  part  of  the  sulphur,  which  is 
distilled  in  some  measure,  and  may  be  collected  ;  but  afterwards 
it  is  this  combustible  which  serves,  upon  burning,  to  continue  the 
operation :  sulphureous  acid  is  liberated,  the  elasticity  of  which, 
increased  by  the  elevation  of  the  temperature,  hinders  its  combiiUL- 
tion  with  the  metallic  oxyds.  The  sulphuric  acid  which  is  form- 
ed, in  spite  of  the  care  taken  to  slacken  the  combination,  is  united 
to  the  oxyds  of  copper  and  iron,  but  the  sulphate  of  iron  is  putly 
decomposed  by  the  hyper-oxydation  of  tlie  metal. 

The  pyrites  of  iron  submitted  to  the  same  operation  undergoes 
analogoun  decomfioaitionay  the  succession  of  which  is  in  every  re- 
spect the  same. 

is  volatile,  and  as  these  substances  are  fixed,  or  at  least  not  so  volatile  ai  sul- 
phur, the  action  of  heat  alone  i>  mfficient  to  take  the  sulphur  from  most  oie- 
tals."  He  seem,  however,  to  have  been  aware  of  the  importance  of  the  ooa- 
tact  of  the  atmospheric  air  in  roasting,  since  he  says,  when  speaking  of  the 
sulphurets  of  mercury  and  of  arsenic,  "  it  wiU«be  poetible  lo  detulphnnls 
th^  ^rmedium,  by  a  well-managed  beat  and  M  the  •pen  mir,** 
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The  roasting  of  pyritous  copper' in  the  revcrbcratory  furnace 
produces  the  same  phaenomena,  and  seems  as  if  it  would  adniit  of 
a  much  mote  complete  separation  of  the  sulphur,  tiian  that  pro* 
duced  in  the  open  air.  If  it  were  not  so,  it  would  no  doubt  hm 
owing  to  the  difficulty  of  hindering  the  agglutination  of  the  sul* 
phuret  produced  by  the  elevation  of  temperature,  owing  to  the 
rapid  and  inevitable  combustion  of  a  great  quantity  of  sulphur. 

I  come  now  to  speak  of  a  furnace,  in  which  we  effect  at  the 
same  time  both  the  melting  and  the  roastuig  (to  a  certain  degree) 
of  pyritous  copper :  this  is  the  method  practised  at  Falhun  in 
Sweden,*  and  is  done  with  an  inner  crucible,  which  receives  the 
produce  of  a  flux  of  24  or  48  hours,  and  ia  which  a  separation,  or 
rather  a  combustion,  of  the  suipliur  takes  place.  The  wind  of 
the  bellows  pascies  over  the  surface  witii  sufficient  force  for  re- 
moving the  scoriae,  and  burning  a  part  of  the  sulphur  on  the  sur-« 
fiice :  the  iron  is  thus  oxydized,  and  quartz  is  added  in  order  to 
vitrify  it  in  proportion  as  the  roasting  goes  on.f     It  is  thus  that 

*  We  find  the  following  observations  in  the  Voyaget  MetaUurgique^^  by 
Jars,  toine  iii  pages  SS  &  !»eq.  **  The  flux  of  the  mineral  roasted  a  tingle 
dme,  is  effected  in  a  furnace  which  has  an  inner  bason  destined  tQ  contain  the 
produce  of  the  operation."-^*'  When  it  is  heated,  it  is  ch.trged  with  a  good 
dealof  soori«  from  the  flux  of  black  copper,  with  quartz  and  a  little  mineral." 
"  They  do  not  mix  the  quartz  with  tlie  mineral,  but  only  add  it  when  there 
are  any  fears  of  mischief  in  liie  inner  bason." — "  The  fusion  of  the  roasted 
pieces  Xmo/^t)  is  effected  in  the  same  kind  of  furnace,  but  smaller."— <*  The 
substances  must  remain  a  longer  time  in  the  furnace,  which  must  not  be 
opened  until  tlie  end  of  twice  twenty-four  hours.  Tliey  then  extract  a  very 
few  rich  tnattrt,  but  a  ^-ery  large  pig  of  bUck  copper."—**  This  method  of 
melting  the  pyrites  is  certainly  the  only  one  diat  can  be  u^cd,  atid  which,  in 
spite  of  the  inconveniences  it  presents,  may  nevertlieless  be  advantageous.** 
''Aootl^r  very  precious  advantage  is  a«:onctf;i/ruh«n  of  the  metal  contained 
ID  the  Jltdd  matter  lohich  it  continmiUy  agitated  by  the  vind  of  the  bellows.  They 
extract  a  smaller  qMantity  of  mattea,  but  ihc}-  are  richer.  We  confers  our  sur- 
prise at  the  flux  of  black  copper,  when  we  :.ee  tlie  small  quantity  of  rich  hmN 
tee  which  comes  from  a  very  inferior  sort  of  ore,  and  which  does  not  even  teem 
to  have  been  rtatted**  We  should  be  of  M.  Jam'  opinion,  that  tJiis  method  of 
melting  pyritous  copper  is  one  of  the  best,  if  |n< ire  copper  was  not  volatilized 
than  by  the  other  process :  but  if,  as  I  Uiiuk,  we  may  substitute  the  reverbe* 
raiory  fttnuice  for  that  used  at  Fulhuii,  and  in  other  respect^i  following  up  the 
tame  series  of  operations,  there  would  certainly  be  great  advantages  derived 
over  fuaion  in  the  hand  furnace. 

f  Swetlenborg  {de  cupro)  thus  expresses  himself >  "  Plurima  ejus  art 
(meaning  the  melters)  in  eo  contittit,  ui  lapidem  tiliceum,  jutie  tempore  et 
ffwdo  tciatoffcrre" 

Vol.  III.  3  O 
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wc  may  explain  the  concentration  of  the  metal,  and  the  general 
result  of  the  flux,  which  surprised  M.  jars  very  much.  Tins 
process  is  perhaps  the  only  one  in  wliich,  at  the  same  timei  tie 
Hulphur  and  iron  are  separated  in  any  quantity. 

The  de^sulphuradon  of  pyritous  copper  by  roasting  is,  in  mj 
opinion,  produced,  Ist,  by  the  sublimation  of  a  small  portion  of 
sulphur,  which  may  be  collected  or  burnt  in  the  ur :  2dly,  by  the 
extrication  of  sulphurous  acid,  so  much  the  more  abundant  as  die 
operation  is  well  conducted:*  ."^dly,  by  the  vaporizadon  of  a  little 
sulphuric  acidj  the  greatest  part  of  which,  however,  remains  muted 
to  the  copper. 

Roaadng  qf  Galena. 

IT  is  extremely  difficult  completely  to  desulphtirate  galena  by 
rwuting :  the  affinity  of  its  component  parts  for  oxygen  does  in- 
deed effect  the  disunion  quickly  enough ;  but  that  of  the  new  cmb* 
pounds,  tke  ttU/ihurie  acid  and  the  oxide  qf  lead^  gives  birth  to  t 
new  combination,  which  retains  the  sulphur,  and  thus  forms  an  ob- 
sUicle  to  the  desulphuration :  to  this  same  affinity  of  the  oxide  of 
lead  for  the  sulphuric  acid,  we  must  attribute  the  fiidlity  with 
which  this  acid  is  formed  in  the  roasting  of  galena* 

I  shall  examine  in  detail  the  various  processes  to  Which  this 
important  decomposition  gives  rise,  as  I  think  they  will  explain  nu- 
merous and  complex  ph«nomenaw 

Whatever  care  is  taken  in  roasting  galena,  it  is  impossible  to 
convert  all  the  sulphur  into  sulphurous  acid,  and  to  avoid  the  for- 
mation of  sulphuric  acid ;  the  result  always  gives  a  mixture  of 
oxide  and  of  sulphate  of  lead. 

In  roastings  performed  dpon  a  large  scale,  and  in  a  regulated  at- 
mosphere, the  proportion  of  sulphate  of  lead  is  much  more  consi- 
derable, it  is  regulated  by  the  temperature  and  by  the  facility  with 
which  the  air  penetrates  the  ore  ;  numerous  experiments  made  in 
/'  Ecole  des  Alinea  incline  me  to  think  that  the  roasted  9chHch  of 
the  Pezey  ore  contains  half  its  weight  of  sulphate  of  lead ;  whence 
it  follows,  that  even  supposing  the  whole  galena  to  be  decomposed, 
the  roasting  has  not  separated  the  half  of  the  sulphur  It  con- 
tains. 

*  Retent  experiments  of  Messfi.  ClemeMs  and  Dcsonnes  show,  that  the 
combufttion  of  sulphur  does  not  produce  sulphuric  acid  so  easily  as  im^^ined  -• 
but  we  know  that  its  formation  is  determined  by  various  peculiar  circuui- 
atances,  6uch  as  llie  presence  of  the  alkalies,  oxyds,  &c. 
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The  reverberating  furnace  may  be  employed  with  great  sue- 
cess  in  roasting  the  sulphurized  ores  of  lead.  In  some  foundries, 
they  produce  in  this  kind  of  furnace  so  complete  a  separation  of 
the  sulphur,  that  it  is  sufficient,  when  the  roasting  is  supposed  to 
be  finished,  to  add  some  charcoal,  in  order  to  obtain  iRstantaneous- 
ly  ^  great  quantity  of  nuctallic  lead.  It  cannot  be  doubted,  liowever, 
that  a  great  quantity  of  sulphate  of  lead  is  formed ;  which,  as  we 
have  already  seen,  is  a  necessary  result  of  the  action  of  the  air 
upon  galena  exposed  to  a  high  temperature ;  the  chimneys  of  the 
furnaces  ai*c  likewise  filled  with  the  above  substance :  the  decom- 
position of  thrs  sulphate  by  charcoal  pixxluces  a  sulphuret  or  a 
matte  of  lead ;  and  although  sulphurous  acid  may  be  disengaged, 
it  is  very  difficult  to  explain  why  the  addition  of  charcoal  makes 
the  lead  flow  instantly  hi  a  considerable  quantity.  I  tliought  that 
the  sulphate  of  lead  was  decomposed  durin|;4he  roasting,  and  that 
nothing  remained  after  this  operation,  but  an  oxide  a  little  mixed ; 
and  I  thought  I  discovered  the  cause  of  tliis  decomposition  in  thci 
action  of  the  galena,  as  yet  undecomposed,  upon  the  sulphate  form- 
ed.  The  following  experiments  wi^  show  the  nature  and  result 
of  this  action. 

I  put  into  a  retort  a  mixture  composed  of  one  part  of  pulveri- 
zed sulphuret  of  lead,  and  three  of  sulphate^'jand  I  heated  it  at  first 
but  slowly.  When  the  retort  was  red-hot,  a  considerable  disen- 
gagement of  sulphurous  acid  gas  took  place  which  lasted  an  hour, 
when  the  retort  melted ;  the  residue  presented  a  mixture  of  ox- 
ide and  of  sulphate  of  lead.  I  ascertained  tha#  the  sulphurous 
acid  which  had  been  collected  in  the  water  was  not  mixed  with 
sulphuric  acid. 

This  experiment  demonstrates  in  an  indisputable  manner  the 
decomposition  of  the  sulphate  of  lead  by  the  sulphuret,  or  rather 
that  of  the  sulphuric  acid  which  it  contains,  by  the  sulphur  and  the 
lead  of  the  galena.  y\\e  sulphurous  acid  certainly  proceeds  both 
from  the  oxygenation  of  the  sulphur,  and  from  the  demi-decompQt 
sition  of  the  acid,  as  I  am  convinced  that  no  sulphate  remained  in 
the  residue.  I  repeated  this  decomposition,  employing  equal  parts 
of  galena  and  of  sulphate ;  the  sulphurous  acid  disengaged  was 
more  abundant,  and  there  remained  in  the  retort  a  mixture  of 
oxyd  and  of  sulphuret ;  from  which  I  concluded,  that  if,  in  the 
Srst  experiment,  the  proportion  of  sulphuret  of  lead  was  t99weali^, 

*  This  mlxtuif  wi^  mai^  in  the  hiKiii4  way. 
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it  was  too  strong  in  the  latter.  I  also  made  another  attempt  to 
attain  some  proportions  rig^orously  sufficient  for  the  mutnal  de- 
composition, and  endeavoured  at  the  same  time  to  assure  myself 
of  the  oxydation  of  the  lead  contained  in  the  galena  in  a  metallic 
state.  1  put  fourteen  grammes  of  sulphate,  well  mixed  with 
eight  grammes  of  sulphuret,  in  a  crucible,  which  I  allowed  to  be- 
come red-hot  in  a  gradual  manner.  I  remarked  that  a  consider- 
able  crackling  was  produced,  occasioned  by  the  disenga^ment 
of  the  sulphurous  acid.  I  did  not  take  the  crucible  from  the  fire 
until  I  saw  its  contents  melted.  I  found  two  substances  well  se- 
parated ;  the  one  occupying  the  bottom  of  the  crucible  was  merely 
melted  sulphuret  of  lead,  without  any  mixture  of  ductUe  lead  ^  the 
other  presented  all  the  characters  of  the  oxyd  of  lead  called  gla^n 
of  lead ;  this  pait  was  a  combination  of  oxyd  and  sUtx'y  proceed- 
ing from  the  materials  of  the  crucible,  without  any  marks  of  sul- 
phate of  lead. 

This  experiment  proved  that  the  lead  of  the  galena  was  oxy- 
dated  at  the  expense  of  the  sulphuric  acid  ;  but  it  did  not  show 
the  quantity  of  galena  necessary  to  the  complete  decompositioD  of 
the  sulphate.  I  am  of  opinion,  however,  that  the  proportion  of 
one  fiart  of  the  formerHo  two  of  the  latter  is  sufticient ;  besides, 
it  closely  resembles  the  propoi-tion  which  calculation  gives  us  of 
the  composition  of  these  substances. 

The  following  arc  the  natui;al  consequences  of  these  facts : 
1st.  The  galena  and  the  sulphat  of  lead  are  mutually  decom- 
posed at  a  hi^h  temperature.  2d.  This  decomposition  gives 
place  to  the  formation  and  to  the  disengagement  of  a  great  quan- 
tity of  sulphurous  acid,  and  consequently  to  the  separation  of  a  con- 
siderable portion  of  the  sulphur  contained  in  the  ore.*  3d.  The 
result  is  oxyd  of  lead,  when  the  proportions  are  proper ;  and  in 
the  contrary  case  a  mixture  of  oxyd  and  of  sulphat,  or  oxyd  and  ga- 
lena. The  application  of  these  consequences  to  the  roasting  of  the 
sulphuret  of  lead  in  this  reverberating  furnace  is  very  easy.  I 
shall  explaiitthe  theory  of  this  operation  in  the  way  I  conceiye  it 
The  pulverized  galena,  or  the  schlich  of  lead,  spread  out  up- 
on the  floor  of  the  fumace  in  a  layer  of  a  few  inches  in  thickness, 

*  If  we  admit  that  a  mixture  of  on^  part  of  sulphuret  and  two  of  sulphate 
are  entirely  decomposo^l  and  reduced  to  oxyd  of  lead,  the  quantity  of  suiphor 
separated  will  be  two-fifths:  so  th.it  one  part  of  sulphate,  in  an  indefinite 
quantity  of  piiena.  will  t»epiratf»  one-fifth  of  sulphur  {  and  one  of  sulphuret  ir 
bulphate  ull:  separate  tli;f;c-fifihs. 
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the  upper  part  of  which  is  exposed  to  the  action,  produces  the 
phaenoaiena  usually  o!>s'Tvcd  in  the  common  roasting^  The 
heat  vaporises  a  little  suipiuir;  the  air  converts  that  part  upon 
which  itacts  into  sulphurous  acid,  which  is  liberated;  but  a  much 
greater  part  is  converted  into  sulphuric  acid,  wliich  is  combined 
with  the  lead  oxydated  at  the  same  time^  The  ores  are  stirred ; 
the  sulphate  of  lead  is  mixed  witli  tiie  undecomposed  schlich,  and 
their  dccompos.tion  produces  suipiurous  acid;  the  suj'face  of  the 
layer  which  has  been  renewed,  reproduces  sulphate,  which  after- 
wards serves  to  pwduce  a  new  diseng;aijcnient  of  jj^as,  and  thus 
continues  the  desulp.'uiration,  to  whrch  wc  find  there  is  no  end 
except  the  complete  decomposition  of  tlie  jjalcna.  If  the  opei'a- 
tion  has  been  well  managed,  and  if  loo  much  sulphate  *of  lead  has 
not  been  formed,  the  result  of  the  roasting  will  be  almost  pure 
oxydof  lead  ;  in  the  contrary  case,  some  sulphate  will  probably  re- 
main, which  charcoal  will  bring  back  to  the  state  of  sulphurct, 
and  the  decomposition  of  which  will  take  place  like  that  of  the  ga- 
lena. We  may  judge  from  this  detail,  how  important  it  is  to 
avoid  melting  the  sulphuret  of  lead  subjected  to  roasting;  for  the 
action  of  the  air  upon  the  melted  ore  will  soon  be  rendered  null  by 
the  formation  of  the  oxyd  of  lead  which  will  cover  it ;  and  the 
sulphate  of  lead  not  being  capable  of  being  any  longer  mixed  with 
the  galena,  there  will  be  no  method  left  of  desulphuration. 

The roastingof  galena  in  the  reverberating funiace  is  therefore 
reduced  to  the  conversion  of  the  sulphur  which  it  contains  into 
aulfihuroua  acid  ;  and  as  it  is  produced  in  a  great  measure  by  the 
intermedium  of  the  sulphate  of  lead  which  is  conthiually  formed, 
this  process  admits  of  a  much  more  complete  desulphuration  than 
the  others. 

The  same  decomposition  of  the  sulphuret  of  lead  by  the  sul- 
phate, in  my  opinion,  takes  place  also  in  the  treatment  of  the  ores 
of  lead  in  what  are  called  Scotch  furnaces:  in  Scotland  they  roast 
and  melt  galena  by  one  uninterrupted  operation,  employing  coal 
and  tui*f. 

This  kind  of  furnace  is  employed  with  success  in  the  mine  at 
Pezey,  in  melting  roasted  galena  containing  at  least  one-third  of 
its  weight  of  sulphate  o.  lead.  It  gives  no  mattes  as  a  final  result, 
which  proves  that  it  admits  of  the  decomposition  of  the  sulphat 
and  the  separation  of  the  sulphur  contained  in  it.  I  am  of  opinion 
♦hat  the  action  rfthe  portion  n-durcd  to  the  s*atc  of  Aut/iAur e thy 
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the  contact  of  the  coals  upon  the  undecomposed  sulpJiate,  is  one 
of  the  principal  causes  of  the  desulphuraticHi  produced. 

We  have  had  occasion  to  speak  of  several  kinds  loi  furnacesi 
(tho  FaHlun  and  Scotch  furnaces  among  the  rest,)  in  which  the 
metallic  sulphurets  will  undergo  a  real  roasting  ;  but  there  are 
others  where  this  effect  is  scarcely  perceptible.  I  consider  tbe 
present  as  a  proper  opportunity  for  introducing  some  refiectioos 
upon  the  differences  they  exhibit  in  this  respect.  They  ought  to 
e?ccite  the  more  interest,  because  they  are  intimately  connected 
with  the  present  subject,  and  explain  some  ^haenomena  which 
cannot  be  accounted  for  fram  the  way  in  which  the  operation  of 
roasting  has  generally  been  regarded. 

it  is  a  wefl-known  fact,  in  foundries,  that  the  highest  furnaces 
arc  those  which  admit  of  desulphuration  the  least,  or,  in  the  Uc- 
guage  of  the  workmen,  they  produce  the  most  matte:  If  a  cod- 
vin  cing  proof  of  this  is  wanted,  it  will  be  suflacicnt  to  mention, 
th9.t  at  Pezey  tliere  have  been  seen  roasted  ores  of  lead,  contain- 
'^K  ^  %T^^y  ^^^  ^^  sulphate  of  lead,  the  flux  of  which,  in  the 
Sc  otch  furnace,  gave  no  mattcsy  and  yet  they  produce  a  great 
quantity  when  they  are  passed  to  the  common  furnace. 

If  heat  alone  decomposes  easily  and  completely  the  metallic 
Efalphurets,  the  upper' part  of  the  high  furnaces  will  be  very  pro- 
per for  operating  the  roasting  of  ores;  for  besides  the  tempera- 
Lure  being  a  li^le  elevated,  the  air  which  ascends  to  that  height, 
being  deprived  of  a  part  of  its  oxygen,  forms  very  little  more  of 
these  sulphates  which  are  opposed  to  the  separation  of  the  snl- 
phur :  but  it  is  quite  different,  and  in  my  eyes  it  is  a  new  proof  of 
the  little  effect  of  the  action  of  caloric  alone  upon  substances.  The 
sulphur  is  separated  from  the  sulphurets,  as  we  have  seen,  in  the 
'State  of  sulphurous  acid,  and  oxygen  is  indispensable  to  its  (bnna« 
'tion.    In  furnaces  not  much  raised,  the  air  which  touches  the  ore 
-.recently  thrown  in,  still  contains  a  great  deal  of  oxygren ;  the  sul- 
johurous  acid  formed  is  soon  subjected  to  the  deoxydadog  action 
4  tf  the  coals ;  if  there  be  a  small  portion  of  it  decomposod,  a  new 
f  .ulphuret  is  formed,  which  is  afterwards  roasted  lil^e  the  minenl. 
I  In  the  Scotch  fui*nace,  for  example,  when  maiie%  are  snelted,thcy 
-arc  thrown  successively  into  the  furnace,  and  what  has  escaped  one 
operation  is  decomposed  by  a  second.     In  high  furnaces,  on  the 
contrary,  the  ores  placed  in  the  upper  part  undergo  but  a  very  im- 
pt:rfect  desulphuration,  because  the  air  which  comes  in  contact 
with  it  contains  but  vciy  little  free  oxygen,  tlie  sulphurous  aiid 
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'foiiiicd  in  the  interior  is  in  a  grefat  hieais'ure  decomposed  by  tra* 
versing  the  whole  height  of  the  furriace  filled  with  coals,  and  the 
aulj^liuret  is  recomposed;  the  latter  tends  by  its  gravity  to' gaiu 
the  basin,  where  it  does  not  arrive  imtii  after  a  series  of  dcc6mpo8i- 
-fiond,  which  cannot  take  place,  as  we  have  in  fact  cbserve'd^  with- 
oiit  there  resultuig  a  considei-abic  loss  in  metal. 

Air  these  facts  seem  to  leave  no  doubt  as  to  the  following  pro* 
'position:  The  deconfiposition  of  the  metallic  sulphurets  by  reaBt- 
'  jng  is  produced  by  the  oxygenation  of  its  compounds,  and  the  sttl- 

*  phur  is  separated  more  or  less  completely  in  the  state  of  sulj^ur- 
b'us  acid. 

ill.  Deatii/ihuration  of  the  Metala  independent  ^f  the  Acthii 

qfthe  Air, 

The  varied  affinities  of  sulphur  for  different  mineral  substances^ 
fiirmsh  the  means  of  decomposing  certain  sulphurets  ;  and  seve^ 
ral  have  been  employed  in  metallurgy  with  success.  In  ordec 
tiiat  the  ^decomposition  of  a  metallic  sulphuret  by  any  mineral 
•lyuld  foi^the  bans  of  a  metallurgic  process^  it  is  not  sufficient 

*  that  the  affinity  of  this  mineral  for  sulphur  should  be  greater  than 
that  of  the  metal ;  it  mfist,  besides  the  conditions  required  by 
economy,  also  possess  several  other  requisites  absolutely  necessa- 
ry (or  the  success  of  the  operation,  which  considerably  limit  the 
number  of  the  agentapcunted  out  by  chemistry :  for  instance,  if  the 

'  sulphui^  resulting  from  the  decomposition  is  not  fusible,  or  but 
very  little  so,  if  it  has  the  property  of  combining  with  the  metal 
required  to  be  -separated,  or  rather  with  the  still  undecomposed 
Mdphuret,  it  is  evident  that  we  cannot  effect  our  purpose,  namely, 
the  isolation  of  the  metallic  substance.  Hitherto  little  else  ha^ 
been  used  except  limetxiA  iron. 

Deaulfihnration  of  Mercury. — ^It  is  very  easy  to  decompose  the 
sulphuret  of  mercury ;  it  being  sufficient  if  we  present  to  the  sul- 
phur a  substance  capable  of  retaining  it,  and  vobtilize  the  mercury 
alone.  It  is  thus  that  iron  and  lime  are  employed  together  or  se- 
parately in  the  treatment  of  the  ores  of  cinnabar. 

Deaulfihuration  of  Co/k/kcr.— Pyritous  copper  is  melted  in  some 
fefundries  witli  lime,  either  in  the  common  or  the  reverberating 
furnace ;  but  the  process  is  not  well  enough  known  as  yet  to 
enable  us  to  judge  of  the  efficacy  of  lime  as  an  agent  in  this  case. 

I  was  once  of  opinion,  with  some  metallurgists,  tliat  the  well 
known  superior  affinity  of  iron  for  sulphur  over  that  of  copper  for 
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the  same  combustible,  might  determine  the  decompositioii  of  the 
Mulfihurct  qf  copp^er  by  this  metal»  at  least  hi  certain  cases.  Tbe 
following  experiments,  however,  did  not  warrant  me  in  contum- 
ing  of  this  opinion. 

Firnt  Experiment. — I  made  a  mixture  of  ten  grammes  of 
pyritous  copper,  the  composition  of  which  I  knew,  with  ibur  grun- 
mes  of  iron  filings  :  I  put  this  into  a  crucible,  covered  with  chir- 
coal  in  powder,  and  heated  it  in  the  forge  for  three  quarters  of  an 
hour.  The  proportion  of  the  iron  had  been  calculated  so  accurate- 
ly that  it  was  sufficient  for  taking  up  all  the  sulphur  combined 
with  the  copper  in  the  mineral  employed.  I  found  in  the  crucible 
a  perfectly  homogeneous  mass,  weighing  thirteen  grammes,  which 
did  not  contain  the  smallest  globule  of  metallic  copper^  nor  any  tp- 
pearance  of  separation^  between  the  sulphuret  of  iron  and  that  g/ 
copper*. 

Second  Experiment. — Another  trial  was  made  by  employing 
ten  grammes  of  pyritous  copper  and  fiye  g^rammes  of  the  same 
roasted  mineral.  This  is  nearly  tlie  case  with  the  fluxes  in  which 
the  ore  or  the  mattes  are  not  completely  desulphuratcd ;  the  uo- 
portion  of  the  iron  was  still  suiiicient  for  separating  copper,  w£ch 
was  very  abundant  in  the  mixture.  I  kept  up  the  heat  for  three 
quarters  of  an  hour,  and  found,  as  in  the  preceding  experiment,  a 
homogeneous  mass,  without  any  trace  of  metallic  copper,  nor  of 
pure  sulphuret  of  copper ;  this  was  a  real  matte  of  copper. 

Third  Experiment, — On  this  occasion  an  equal  mixture  of 
crude  pyritous  copper,  and  roasted  copper,  dipped  in  olive  oil,  and 
heated  strongly  for  half  an  hour  in  a  crucible,  presented  nothing 
but  a  powder,  which  had  not  undergone  fusion,  on  account,  without 
doubt,  of  the  superabundance  of  the  iron. 

I  think  these  few  experiments  are  sufficient  for  proving  that 
the  desulphuration  of  copper  by  means  of  iron  will  be  always  Tery 
difficult,  because  there  is  formed  a  triple  combination  between  the 
sulphur  J  iron  and  copper,  or  rather  a  combination  between  the  sul- 
phurets  of  copper  and  of  iron^  which  prevents  tlie  separation  of 
the  copper. 

Dusulphuration  of  Galena. — This  is  one  of  the  sulphurets 
which  best  yields  to  the  decomposition  in  question ;  the  fusibilhy 
of  the  lead  which  facilitates  its  aggregation,  as  well  as  the  little  affi- 

*  In  the  decomposition  of  gakna  by  iron^  we  observe,  when  the  Utter  is  L* 
too  »mall  quantity,  three  distinct  subsUinces  of  lesd,  sulphuret  of  IcmI,  uA 
i^tly»  sulphuret  of  iron  in  the  upper  part. 
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nity  it  has  for  sulphur,  are  the  causes  of  the  successful  trials  thid 
hare  been  made  on  this  subject.  Lime  and  iron^  are  employed  in  va* 
rious  circumstances  in  the  desulphuration  of  galena ;  the  use  ^f 
lime  is  not  vqry  general,  and  it  is  impossible  to  judge  of  its  effects 
from  what  is  known  of  the  pro(>erties  of  the  sulphuret  of  lime. 
The  treatment  of  galena  by  ifon  is  more  in  use,  and  appears  more 
adTantageous. 

The  above  memoir  will,  I  hope,  suggest  several  experiments 
to  those  who  are  ei^gaged  in  metallurgical  pursuits. 

All  the  experiments  I  have  detailed  were  performed  in  the  ia* 
boratory  belonging  to  the  Council  of  the  Mines,  and  under  the  eyes 
of  M.  Decostils,  by  whose  superior  judgment  I  profited  considers* 
bly  during  the  progress  of  my  labours. 


Mote%  to  aid  in  the  analysis 

Substancea  held  in  aolution, 

A  general  idea  of  the  1 

quantity     of    dissolved  \ 

salts.  J 

Uncombined    acid   in  > 

general.  5 

Sulphuric  acid  in  parti- 
cular. 

Uncombined  Alkali.     I  ^ 

Ammonia  in  particu-  ?  ^ 

5tf 


I. 


lar  3  0^ 

Sulphuric  acid  in  sul-  \  ^ 
^hats.  -f  n 


^hats. 
Nitric  acid  in  nitrats. 


O 
c/5 


Muriatic  acid  inmuri  > 
sts.  ^ 


Vou  III. 


of  mineral  waters  :  by  the  Editor^ 
Reagent*  or  Teats, 

A  solution  of  soap  in  Alcohol. 

Paper    dyed  blue  with  Litmus 
slightly  alkalized. 
Water  (hydrat)of   Barytes  or 

JStrontian :    or  by  the  muriats  of 
these  earths. 
>      Blue  Litmus  paper  slightly  red* 
< '  dened  by  a  weak  acid. 

Nitrat  of  Mercury. 

Muriat  of  Barytes  or  Strontian. 

"     The  deflagration  of  the  nitrats : 

^or  by  the  smell  on  decomposing 
them  with  sulphuric  acid. 
By  decomposing  them  by  means 
of  sulphuric  acid  and  attending  to  * 
the  odour :  by  nitrat  of  silver :  by 
sulphst  of  silver  where  there  are 
sulphats  also  in  the  solution  :  by 
Nitrat  of  mercury :  also,  almost  all 
the  salts  can  be  separated  from  the 
sulpliats  by  boiling  in  strong  alco- 
hol, which  will  not  dissolve  the 
sulphats.     See  3  Hen.  oh.  30^ 

3P 
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Carbonic  acid. 
Alkaline  carbonats. 


Silex  or  Silica. 


Alumina. 


Magnesia  and  Lime  in  ' 
amuiiatic  loluUon. 


■ 


I 


PQ 
Q 


1B5 


alununa  m  a  ^muriatic    > 
solution. 


i^ime  (Calcia.) 


Baryta. 
Strontia. 


Sulphuret  of  lime  or 
alkalL 


> 

O 
o 


Iron  generally. 


Iron  ill  cai'bonic  acid. 


SLime  water :  acetat  of  lead. 
Litmus  paper :  muriat  of  lime; 
lutrat  of  bme. 
r    The  residuum   rough    to  tlie 
j  touch)  after  solution  in  acids;  Tk 
s  solubility  of  that  residuum  in  put 
I  potash. 

r    Carbonat  of  Ammonia,  the  pn- 
J  cipitate  insoluble  in  acetic  aod: 
^  succinat  of  ammonia,  which  doe» 
j  not  throw  down  magnesia. 

Are  separated  by  the  graduil 
and  cautious  addition  of  concentn- 
ted  sulphuric  acid  by  snuJl  drops: 
the  sulphat  of  lime  gradually  &lls 
down :  or  by  the  next  process. 

'  Are  separated  from  a  muriatic 
solution  thus.  Throw  down  the 
lime  by  cautiously  adding  oxalat  d 
ammonia:  throw  down  the  alo- 
mine  by  the  cautious  addition  of 
carbonat  of  ammonia  not  in  ex- 
cess; or  of  succinat  of  ammonia: 
throw  down  the  magnesia  by  ad- 
ding to  the  warm  solution,  a  warn 
solution  of  carbonat  of  potash :  or 
by  adding  phosphat  of  soda,to  tfae 
solution  containing  carb.  <^  ammo- 
nia. See  2  Hen.  332.  for  the  com- 
ponent parts  of  ammoniaco  phos- 
phat of  magnesia. 

"Oxalic  acid :  oxalat  of  amm :  ozaL 
-"  potass :  sulphuric  acid :  but  inthis 
J  last  case  500  grains  of  water  wiD 

I  hold  in  solution  at  leas!  one  graio 

I  of  gypsum. 

J  of  Strontia. 

Acetat  or  nitrat  of  lead,  thrown 
down  a  dirty  blackish  brown :  the 
lime  is  thrown  down  by  oxalic 
acid,  and  the  sulphur  swims. 

Tincture  of  galls :  infusion  of 
galls  or  oak  bark :  prussiat  of  lunc ; 
triple  prussiat  of  potash.  Succinat 
of  Amm. 

r  The  subsidence  of  ochre  on  ex- 
1  posure  to  the  air  for  a  day  or  two: 
S  boiling  the  solution :  by  hydrat  of 
'  lime. 


I 
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Iron  in  sulph.  acid. 
Copper. 


Lead  or  arsenic. 


Arsenic  particularly. 


The  quantity  of  saline 
nu^tter  generally. 

Sulphuric  salts  gene- 
rally. 

The  gasses  generally. 

Sulphuretted     hydro- f 
gen  gaa. 

Carbonic  acid  gas. 

Efflorescent    salts    as 
those  with  basis  of  soda,   c 

Deliquescent  salts,  of; 
the  muriats. 

Nitrats. 


^     Ilydrat  of  Bary  tes,  to  detect  the 
i  acid. 

{Digesting  in  carbonat  of  ammo- 
nia, or  pure  ammonia :  arseniat  of 
potass  making  SchuTe's  green. 

{Hydrosulphuret  of  amm.  sul- 
phuret  of  lime  or  potass,  (a  brown 
black  precipitate.) 
The  garlic,  white,  fumes  on 
burning  it :  the  whitening  of  two 
pieces  of  brass  or  copper,  the 
arsenic  being  fastened  between 
them. 

C     Gentle  evaporation  in  a  glass  or 
<  china  basin :  evaporate  if  possible 
{not  less  than  a  pint. 
\     Their  insolubility  in  strong  boil - 
\  ing  alcohol. 

C  Evaporate  in  a  glass  retort  with 
\  a  pneumatic  apparatus. 
C  The  odour:  the  deposition  of 
I  sulphur  on  throwing  up  an  acid 
J  gas :  the  water  containing  it,  black- 
I  ens  silver  and  lead  and  their  solu- 
I  tions. 

Hydrat  of  lime,  baryta  or  stron- 
tia  :  acet.  of  lead. 

Their  crystals  efflorescing   on 
exposure  to  air. 
r      Their  crystals  deliquescing  on 
{  exposure  to  air. 
T      Their  deflagration. 


Comfianem  fiarta  qfmany  aaii 9y  to  aid  in  the  analysis  of  mine- 

ral  vaters. 

Common  Sidfihat  of  Lime  ^  contains  21^  or  22  per.  cent  of  water, 
that  may  be  driven  off  by  a  continued  full  red  heat.  When  the 
quantities  are  small,  an  hour's  exposure  to  this  heat  is  sufficient. 
Thus  deprived  of  its  water,  it  contains  42,5  lime,  and  57,5  acid,  on 
the  average  of  the  experiments  of  Thompson  and  Berthier. 

One  hundred  grains  of  pure  lime,  will  yield  when  saturated  with 

.   sulphuric  acid,  336  grains  of  anhydrous  sulphat  of  lime :  that  is 

deprived  of  its  water  of  crystallixation  by  an  hour's  red  heat.  One 

hundred  grains  of  carbonat  of  lime  produce  130  grains  of  anhy- 
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drous  fulphat  of  lime.  Pure  carbonat  of  lime  containing  44}  ys 
cent  of  carbonic  acid)  180  grains  of  it  will  yield  336  grains  of  ta- 
iQrdrons  sulphat. 

One  hundred  parts  of  carbonat  of  lime,  yield  154  parts  of  sul- 
phat of  lime,  compact,  not  crystallized,  and  in  the  state  in  viuch 
gypsum  or  piaister  stone  is  commonly  found. 

One  hundred  parts  of  carbonat  of  lime  yield  1 60  parts  of  well 
crystallized  sulphat,  per  Klaproth. 

Common  hydrous  (unboiled)  gypsum    contains  33,15  liiic 
44,85  acid,  33  water. 
Sulphat  of  potass  contains  46,63  acid. 


soda 

ammonia 

magnesia 

alumina 

barjrta 
lead 
of  potass 
soda 

ammoma 
lime 
baryta 
magnesia 
silver 


23,52  acid, 

55  acid, 
33/)5  acid, 

30,52  acid, 

S3  acid, 
26,5  acid, 
66,66  acid, 

46  acid, 
61,65  acid, 
49,23  acid, 
32,93  acid, 

56  acid. 


51,38  alkali. 

18,48  alkali,  58wttef. 

14  ammonia,  31  water. 

16,05  magn.  50  water. 

C  10,5  alkali,     l^^j^ 
I  10,5  alumina,  J     ^ 

67  baryta. 

69  lead,  5  oxygen. 

33.34  alkali. 
54  alkali. 

38.35  alkali. 
50,77  lime. 

63,47  baryta,  1 4/)6  waV 
44  magneaa. 
80,95  oxyd  of  silver. 


19,05  acid. 

See  for  the  muriats  (anhydrous)  Dr.  Marcet'a  paper  on  the 
waters  of  the  Dead  Sea.     20  Nich.  Joum.  28. 

Carbonat  of  lime  44|  acid,  55^  earth    ^  water  not  nodced : 

baryta         31,75  acid,  78,25  earth  V  included    in   the 
magnena         34  acid,  66  earth      J  acid  nearly. 

itrat  of  potash  48,63  acid,  51.38  alkalL 
•oda  58,6  acid,  41,4  alkali :  anhydrous :  aver^^  of  ezperimeatt. 

m.^wm^^\^.     5'^*»^   ^^^*  ^^«®   alkali.  5.7  water:  compact  n itrat. 
ammonia     -^^^  ^^^^^  ^g^  alkali,  12.1  water  :  prismaUc  attrat. 

lime  57.44  acid,  32,     earth,  10,56  water :  (Kirwan). 

baryta  40,7  acid  Sc  water,  59,3  earth.     (Thompson.) 

amm.  &mag  78,  mtratma}^nesia,32,  nitrat  of  ammooia      (Pooreroy.) 
Ozalat  lime  common    59,2  acid,    35,05  earth,  5,03  wafer,    (Thompson.) 

anhydrous  62.5  acid,  37,5  earth.  (Thompson,  31  Kich.  Jour.  338) 

Experimenters  on  the  cotnposition  of  neutral  salts,  do  not  al- 
ways attend  with  necessary  accuracy,  to  the  amount  of  water  io 
tlie  composition,  but  the  preceding  table  is  drawn  up  on  the 
btfst  modem  authorities.  T.  C. 
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NOTICES. 

Some  time  ago  was  annoimced  the  discbvery  of  a  whole  mam* 
moth  m  a  frozen  state  on  the  northern  coast  of  Russia,  which  has 
been  brought  to  Petersburgh.  The  bones  of  an  unknown  animal 
were  lately  found  In  a  peat  moss  in  Russia.  The  creature  must 
have  been  about  12  feet  long :  the  horns  were  3|  feet  long,  and  i^ 
foot  round  at  the  root.  From  the  appearance  of  this  imperfect 
skeleton  it  seems  to  have  belonged  to  the  URUS  or  AUROCHS 
mentioned  by  Caesar  in  his  account  of  Germanf .  Anal.  Rev. 
June  18U. 

Variation  of  the  Comfia99,'^K  correspondent  remarks  that  the 
fteedle  which  in  this  latitude  pointed  truly  to  the  North  in  1 657 
and  has  been  inclining  to  tlie  Westward  ever  since,  at  the  average 
rate  often  minutes  per  annum  has  reached  the  utmost  extent  of 
its  variation ;  has  been  stationary,  and  is  now  receding.  If  this  be 
correct  it  seems  that  about  35  degrees  is  the  extent  of  its  varia* 
tion  Westward :  that  it  will  in  about  150  years,  again  point  truly 
to  the  North ;  and  probably  for  the  next  1 50  years  will  incline 
to  the  East,  taking  up  a  period  of  500  years  in  making  a 
tevolution.  Ibid^ 

A  Steam  Engine  has  been  erected  at  Bristol  (England)  of 
which  the  principle  is  said  to  be  a  hollow  wheel,  whose  interior 
is  half  filled  with  a  fluid  metal.  The  steam  it  supplied  by  a  com- 
mon boiler  and  makes  no  noise  whatever,  saving  half  the  coals,  &c. 

Mr.  Bakewcll  who  lectures  at  the  Surry  Street  Institutioi^ 
proposes  the  application  ofouNpowpSR  as  an  impelling  force  io 
lieu  of  steam.  A  single  dram  of  gunpowder  properly  applied^^ 
will  rend  a  piece  of  metal  equal  in  thickness  to  a  large  jdece  of 
ordnance.  The  motion  might  be  communicated  by  a  balance 
wheel  and  crank.  16, 

Mr.  Accum  has  published  a  method  of  making  Ions,  the  sub« 
ftance  which  at  the  heat  of  l58  of  (the  Centigrade  ?}  thermometer 
is  converted  into  a  violet  coloured  gas.  It  was  first  discovered  by 
M.  Courtois,  and  obtained  from  Kelp.  It  is  not  acted  on  by  oxy- 
gen, or  charcoal :  it  combines  with  the  metals  and  their  oxydSf 
forming  soluble  compounds.    It  combines  also  with  hydrogeo 
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and  phosphorus.  With  ammonia  it  forms  a  detonating  compouDd. 
When  it  comes  in  contact  with  oxymuriat  of  sulphur  it  assumesa 
violet  colour  of  gr^at  intensity  and  beauty.  It  may  be  n^ade  thus 
ID  ^small  way.  Take  the  crystaUijEable  residuum  of  a  solution  of 
Kelp,  or  of  Spanish  Barilla,  after  all  the  saline  matter  capable  of 
crystallization  is  separated.  Put  a  di*am  of  this  previously  fused 
for  a  few  minutes  to  free  it  from  moisture,  and  reduced  to  a  coarse 
powder,  into  a  thin  glass  tube  10  or  12  inches  long  and  thre- 
eighths  of  an  inch  in  tlie  bore  :  add  to  it  without  .soiling  the  inside 
of  the  tube,  about  half  its  weight  of  oil  of  vitriol :  this  may  be 
done  by  sucking;  the  acid  up  with  the  niouih  in  a  small  long  glass 
tube  drawn  out  to  a  capillary  point,  applying  the  finger  to  the  up- 
per orifice,  and  tlius  by  means  of  il,  transferring  the  acid  intone 
larger  tube.  %hake  the  whole  togctlier  and  apply  a  gentle  heat 
by  a  lamp  or  taper.  A  dense  vapour  will  make  its  appearance, 
and  a  black  glistening  powder  (lude)  will  be  sublimed  in  the 
colder  part  of  the  tube.  Cut  off  by  means  of  a  file,  the  part  of 
the  tube  which  contains  the  lode,  and  seal  the  extremities  of  it 
by  means  of  a  blow-pipe  or  a  spirit  lamp. 

Tlve  preparation  of  lode  on  a  larger  scale.  Place  a  long,  slen- 
der necked,  tubulated  retort  in  a  sand  bath :  surround  the  whole 
body  of  the  retort  up  to  the  tubulure  with  sand,  and  adapt  without 
luting  to  the  beak  of  it,  a  wide  mouthed  vial  or  receiver.  Intro- 
duce tlirough  the  tubulure,  first  one  part  of  oil  of  vitriol,  and  then 
two  parts  of  the  fused  saline  mass  before  mentioned,  broken  into 
small  pieces  of  the  siie  of  pease,  and  distil  for  a  few  minutes  with 
a  gentle  heat.  The  lode  will  become  sublimed  into  the  neck  of 
Uie  retort  in  a  crystalline  form,  exhibiting  a  black  shining  crust 
Cut  off  the  neck  of  the  retort  with  a  file,  and  collect  the  lode  by 
meana-of  a  feather  or  camera*hair  brush. 

If  the  whole  of  tlie  saline  mass  of  kelp  or  barilla,  freed  from 
carbonat  of  soda  only,  and  which  of  course  contsdns  muriat  of  soda, 
muiiat  of  potass,  sulphat  of  potass,  hydrosulphuret  of  potass,  &c 
be  treated  with  sulphuric  acid,  the  preparation  of  the  lode,  be- 
comes  more  difficult. 

Mr.  Mannoury  Dectot  has  invented  a  new  hydraulic  machine, 
a  report  conccrmng  which  has  been  presented  to  the  French  In- 
stitute. The  principle  of  tliis  machine  is  to  communicate  the 
whole  of  tlie  momentum  of  a  body  of  water  entering  a  veaael,  aftqr 
f4Iing  from   a  height,  to  a  solid  body  witliin  Uiat  vessel,   except 
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so  much  as  may  be  necessary  to  carry  It  oiT  tlirough  a  hole  in  the 
bottom.  This  object  is  effected  by  making  the  water  enter  hori- 
zontally into  a  cylindi  ical  trough  containing  a  solid  cylinder  with 
a  space  of  1  1-2  inches  between  them,  near  its  top,  and  in  the  di- 
i-ection  of  a  tangent  to  tlie  cavity.  The  water,  in  passing  throQgh 
the  annular  space  between  the  cylinders,  and  thence  through  a  hole 
in  the  bottom,  communicates  a  motion  to  the  machine,  which,  by 
experiment,  has  been  found  from  7-lOths  to  75-lOOths  of  the  whole 
calculated  force  of  the  fulling  water,  a  greater  effect  than  any  other 
machine  has  ever  produced. 

Sir  H.  C.  Englefield,  Bail.  F.  R.  S.  has  invented  a  new  transit 
instrument  in  which  the  telescope  is  placed  with  its  axis  perpen- 
dicular to  the  plane  of  the  meredian,  and  the  object  seen  by  reflec- 
tion in  a  mirror  placed  at  an  angle  of  45  degrees  immediately  in 
front  of  the  object  glass.  When  the  telescope  is  properly  placed, 
any  part  of  the  whole  semicircle  of  the  meredian  may  be  seen  by 
merely  turning  it  on  its  axis.  The  same  gentleman  has  also  given 
a  new  mode  of  placing  the  transit  instrument  correctly. 

The  following  results  have  been  given  to  the  world  by  Joseph 
Read,  M.  D.  of  Cork,  as  deductions  from  several  experiments 
made  by  him  on  the  solar  ray  : 

1st.  That  incident  light  has  never  yet  been  decomposed;  and 
that  Sir  Isaac  Newton,  and  other  philosophers,  only  decomposed 
light  reflected  from  opaque  substances,  or  fi  luges  of  blue,  red, 
and  yellow. 

2d.  That  there  are  only  three  primar)'  colours,  blue,  red  and 
yellow  by  the  mixture  of  which,  either  by  the  prism  or  painter,  all 
the  others  are  formed. 

3d.  That  Ilerschel,  Leslie,  Davy,  Englefield,  and  other  philo- 
sophers, drew  their  conclusions  relative  to  the  heating  power  of 
the  prismatic  colours  fmm  erroneous  data,  viz.  from  experiments 
on  reflected  light,  whose  heat  must,  in  a  great  measure,  depend  on 
the  reflecting  media,  and,  also,  oii  the  thickness  and  thiiuiess  oi 
those  parts  of  the  prism  through  which  the  fringes  pass. 

We  give  his  deductions  in  his  own  words,  and  must  confess  that 
his  experiments  and  reasoning  furnish  an  apparently  plausible  ob- 
jection to  the  Newtonian  theory  of  the  separation  of  white  light  into 
rays  of  different  colours.  His  second  deduction  is  by  no  means 
new.  Dr.  WooUaston  had  already  proved  clearly  that  there  were 
only  three,  or,  at  most,  four  colours  in  the  spectrum  ;  and  Dr.  Read 
appears  to  have  forgotten,  or  not  to  ]ic;ve  known,  his  expoihnenls 


498  Notices. 

and  those  of  HcrschePs,  which  slYowed  that  the  solar  beam  was  di- 
vided by  the  prism  (according  to  NewtoniaD  langua^)  into  two 
other  substances  beside  the  coloured  rays,  one  of  wluch  was  found 
between  the  red  ray  and  the  direction  of  the  incident  rays,  and  was 
the  matter  of  heat  nr  caloric.     The  other,  a  hitherto  unknown  sub- 
stance, which  blackened  tlic  salts  of  silver,  and  appeared  to  be  thit 
part  of  the  solor  ray  which  causes  the  colours  of   vegetables,  &c. 
which  we  know  would,  if  not  exposed  to  it,  become  white  and  co« 
lourlcss.     Tiicsc  cxprrimonts  cstahlish  the  certainty  of  the  Newto- 
nian theory  on  a  ground  not  to  be  shaken.     Besides,  had  Dr.  R'^ad 
reasoned  correctly  on  his  cxpcrin*f:iits,  he  v/ould  havt-  found  t).at 
the  circunihtance  of  the  light  rcmaii/ing  white  in  the  centre  ot  i  e 
spoctruni,  when  admitted  in  large  <|uantiti('s  upon  the  prism,  nrcse 
from  the  same  cause  that  misled  Newton,  viz.  as  to  the  number  cf 
the  prismatic  colours,  the  aperture  being  larger  than  was  neces- 
sary to  obtain  the  coloured  rays  entirely  scp&n*tc,  and  in  Dr.  Woo!- 
laston's  experiment  the  aperture  was  an  oblong  of  the  smallest 
breadth  that  could  admit  the  ligiit  free  from  inflection.  In  Sir  Isaiic 
Newton's  experiment  tne  aperture,  a  quarter  of  an  inch,  was  suffi- 
cient to  blend  the  colours  so  as  lo  produce  the  intermediate  sliades, 
aim  in  Dr.  Read's  tne  aperture,  of  four  inches,  threw  the  separated 
rays  in  confusion  on  the  middle  pait  of  the  spectrum  so  as  to  re* 
produce  white  light. 

This  is  not  the  first  time  that  Sir  Isaac  Newton's  doctrines 
have  been  attacked  in  this  ix)int.  The  celebrated  Eulcr,  and  many 
others,  have  opposed  the  existence  of  light  as  a  substance  altoge- 
ther, and  huve  supposed  its  appearance  to  arise  from  the  vibrations 
of  an  elastic  medium.  Newton's  optics,  however,  stand  on  a  basid 
of  mathematical  demonstration,  and  their  merits  will  not  fall  siiould 
even  his  deductions  from  his  prismatic  experiments  be  prored  to 
be  founded  on  false  reasoning.  K. 

Dr.  Read  some  years  ago,  advanced  the  production  of  caloiic 
by  the  agitation  of  water  in  a  close  tube :  which  has  not  been  con* 
firmed.  T.  C. 

Distiliinjs^, — The  method  of  distilling  by  steam  introduced  into 
ihe  wash,  is  doubtless  the  best  yet  found  out.  Count  Runiford 
first  shewed  how  several  vessels  of  water  might  be  boiled  by  the 
steam  cx)nvcyed  from  one  boiler  common  to  all  of  them.  He  is 
the  inventor  of  the  process.  Whither  steam  be  applied  to  boil 
water,  to  boil  the  liquor  in  a  dyer's  copper,  or  the  waah  in  a  dit- 
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tiller's  hogshead)  the  principle  is  the  same.  This  is  the  reason 
why  I  did  not  think  myself  entitled  to  a  patent  for  being  the  first  in 
this  country  who  distilled  by  steam.  In  the  fall  of  1809  I  adapted 
a  lid  to  a  boiler  in  Dr.  Priestley's  laboratory,  and  soldered  it  on. 
A  safety  valve  was  made  of  an  inch  tube  of  copper  soldered  in  the 
lid.  The  liquor  was  supplied  by  a  small  wooden  cistern  abovci 
with  a  pipe  going  near  to  the  bottom  of  the  boiler.  A  tube  from 
the  boiler  at  right  angles,  conveyed  the  steam  into  the  vessel  con- 
taining the  wash  or  beer :  the  tube  reached  to  within  four  inches 
of  the  bottom  of  this  vessel.  It  had  a  cock  adapted  in  it  so  that 
the  steam  could  be  stopped  off  at  pleasure.  M.  Schmid,  who  af- 
terwards conducted  Mr.  Jos.  Priestley's  distillery,  assisted  me. 
John  Hall,  Esq.  the  late  marshal  of  Philadelphia,  himself  Well 
conversant  in  the  business,  and  Elnoch  Smith,  Esq.  of  Sunbury, 
dining  with  me  one  day  while  this  experiment  was  going  onf  I 
shewed  them  the  process  itself,  as  they  will  tesdfy.  I  find  a  pa- 
tent has  been  taken  out  for  this  method  by  some  one  who  has 
just  as  much  title  to  the  invention  as  any  reader  of  this  arti- 
cle. The  light  of  taking  out  patents  is  abused  so  egrcgiouslyi 
that  it  has  become  a  perfect  nuisance.     T.  C. 

Whiskey.  In  Lancaster  county,  Pennsylvania,  duiiBg  a  year 
ending  with  April  1814,  six  hundred  and  eleven  stillsi  mauufiic- 
lured  S, 29  J, 5 00  gallons  of  whiskey. 

Iron  IVorka,  At  Cornwall  furnace  Mr.  Coleman  made  335 1 
>tons  of  pigs  and  castings  from  May  3,  1799,  to  March  31, 1801. 

The  same  gentleman,  at  Colebrook  furnace,  from  May  8, 1799, 
10  August  8,  1 800,  made  2033  tons  of  pigs  and  castings. 

From  September  10,  1800,  to  October  1,  1801,  at  the -same 
furnace,  1594  tons. 

From  October  14,  1801,  to  February  14,  180S,  at  the  same 
fur&ace  he  made  3350  tons. 

Roofs  of  HouMCM,  The  danger  incurred  lately  by  the  cities 
of  Baltimore  and  Philadelphia  from  the  near  approach  of  the  ene- 
my, suggests  the  propriety,  or  rather  the  absolute  necessity  of  ex- 
changing the  shingle  roofs  for  some  material  of  a  less  combusti- 
ble description.  In  England  houses  are  covered  with  plain  tiles, 
or  with  pan  dies,  or  with  blue  slate,  or  with  copper,  or  with  lead. 
Zinc  and  tinned  iron  have  also  been  proposed.  I  have  also  seen  a 
Kbd  of  pUdn  tile  made  of  thick  pasteboard  as  incombustible  as 
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copper,  and  when  painted  and  sanded  not  likely  to  be  affected  h;\ 
moisture.  In  many  foreign  countries  the  roofs  arc  of  pkistcr. 
There  are  two  objections  to  metal  roofs  in  this  country,  the  high 
price  aaid  the  great  heat  in  summer.  They  are  mucii  the  lightest 
and  most  durable  kind  of  roof.  I  am  at  present  of  opinion  that 
the  paper  or  pasteboard  roofs  are  the  most  eligible.  They  might 
be  painted  with  tar  and  sprinkled  with  sifted  sand,  washed  ashes. 
or  lime.  The  pasteboard  is  well  sized  with  glue.  They  mi^ht 
be  tanned  soon  after  being  made,  by  infusing  in  a  solution  of  oak 
bark  if  necessary,  but  this  would  not  be.     T.  C. 

./Vovifioitt.  The  cxpcncc  of  provisioning  troops,  the  frequent 
scarcity  of  provisions  on  a  march,  the  nc^^lect  and  frauds  of  con- 
tractors, the  discontents  of  ill  fed  troops,  and  the  delays  th\ib  occa- 
sioned, render  it  of  great  importance  to  find  some  kind  of  i^iUtri- 
tious  food  easily  transported,  and  not  easily  spoiled.  I  rccom- 
jnended  lately  in  the  Emporium,  vol.  2.  p.  462,  463,  Indian  com 
parched  and  ground,  with  bacon  or  pork  and  portable  soup  well 
seasoned.  I  am  glad  to  iind  by  the  papers  of  this  week  before 
me,  that  Mr.  B.  Hawkins,  Indian  agent  for  the  United  States,  has 
publicly  come  forward  to  propose  parched  and  ground  Indian  com. 
The  com  parboiled,  then  gradually  baked  until  it  assume  a  fine 
light  brown  colour  and  ground,  is  eaten  with  a  small  quantity  of 
sugar.  In  a  national  point  of  view,  this  is  a  subject  of  very  great 
moment|but  Mr.  Hawkins  and  I,  shall  preach  in  vain.     T.  C. 

WITH  the  present  number,  tlic  present  series  of  the  Empo- 
rium closes,  for  reasons  that  my  publishers  will  state  in  the  enve- 
lope to  this  number ;  which  would  have  been  out  in  due  time,  had  it 
not  been  that  the  piintei's  were  serving  their  countiy  as  volunteci-s. 

My  collections  on  bleaching,  dying,  calico  printing,  distilling, 
tanning,  pottciy,  enamelling,  glass  making,  colour  making,  drup; 
making.  Sec  will  occupy  full  two  volumes.  I  shall  corisidcr  in 
what  way  they  can  be  best  hrQiijjht  before  the  public,  because  I 
think  it  will  be  doing  service  to  the  manufacturing  interest,  and 
tomyself  to  puMitih  llicni.     T.  V. 
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